Estimating wetland values: A comparison of benefit transfer and choice experiment values by Chaikumbung, Mayula
  
 
 
Estimating wetland values: A comparison of benefit transfer and 
choice experiment values 
 
By 
Mayula  Chaikumbung 
MSc. (Kasetsart University, Thailand)  
BSc. (King Mongkut's Institute of Technology Ladkrabang, Thailand) 
 
 
 
 
 
Submitted in partial fulfillment of the requirements for the degree of 
Doctor of Philosophy 
 
Deakin University 
March, 2013 
  
 
DEAKIN UNIVERSITY 
ACCESS TO THESIS - A 
 
 
I am the author of the thesis entitled 
 
“Estimating wetland values: A comparison of benefit transfer and choice 
experiment values” 
submitted for the degree of  
Doctor of Philosophy 
 
This thesis may be made available for consultation, loan and limited copying in 
accordance with the Copyright Act 1968. 
 
I certify that I am the student named below and that the information provided in 
the form is correct' 
 
Full Name: Mayula Chaikumbung  
 
Signed:  
 
Date: 18/07/2013  
  
 
 
DEAKIN UNIVERSITY 
CANDIDATE DECLARATION 
 
 
I certify that the thesis entitled    
 
“Estimating wetland values: A comparison of benefit transfer and 
choice experiment values” 
 
submitted for the degree of  
Doctor of Philosophy 
is the result of my own work and that where reference is made to the work of 
others, due acknowledgment is given. 
I also certify that any material in the thesis which has been accepted for a degree 
or diploma by any other university or institution is identified in the text. 
 
 
Full Name:  Mayula Chaikumbung  
Signed      :  
Date          :   18/07/2013 
 i 
Acknowledgments 
First of all I would like to express my gratitude to my supervisors, Professor  
Chris Doucouliagos and Dr. Helen Scarborough for their invaluable support 
and never-ending guidance throughout this thesis. Without their generous 
assistance and encouragement, this thesis could never have been completed. 
I am grateful to staff from the office of the Bung Khong Long Non-Hunting 
Area and the WWF Greater Mekong, Thailand Country Programme, who 
assisted me in providing materials and information of the research area, and 
useful comments regarding the questionnaire adjustment. 
I am indebted to my Ph.D friend, Rajesh Kumar Rai for his useful comments 
regarding the questionnaire design and for his technical assistance on the 
Limdep program and Ngene program. Also, I would like to thank Ph.D 
candidates (Anshu Mala Chandra, Pablo Jamenez, Abu Sham Md. Rejaul, 
Mirwan Perdana, Muhamad Habibur Rahnan, Zohidjon Askarov, and Wen 
Sharpe), not only for the friendship but also for the support they provided. 
I would like to thank all the data enumerators from Kasetsart University for 
their cooperation in facilitating the data collection. I would also like to offer 
special thanks to the residents of Bung Khong Long community, Bung Karn 
Province, Thailand for their kind collaboration in providing useful information 
for this research. 
Finally, I wish to express my deep gratitude to my grandmother, mother, 
brothers and sister for inspiration, particularly to my younger sister, Passapa, 
for her support and dedication in looking after my grandmother, mother, and 
youngest brother, while I pursued my Ph.D in Australia. Thank you very much! 
 
 
 
 
 
 
 
  
 
ii 
 
Table of contents 
Acknowledgments …………………………………………….……….. i 
Contents………………………………………………………………… ii 
List of Tables …………………………………………………………… viii 
List of Figures…………………………………………………………... xi 
List of Appendices……………………………………………………… xiii 
Abstract………………………………………………………………..... xiv 
Chapter 1: Introduction……………………………………….............. 1 
1.1 Motivation and rationale for research…………………………….. 1 
1.2 Statement of the problem…………………………………………. 4 
1.3 Study objectives……………………………………....................... 7 
1.4 Research questions………………………………………………... 8 
1.5 Overview of methodology………………………………………... 9 
1.6 Thesis structure………………………………………………….... 11 
Chapter 2: A review of the literature and methods………………….. 13 
2.1 The value of the ecosystem services of Bung Khong Long 
wetland ………................................................................................
     
13 
 2.1.1 Production function. ……………………………………... 16 
 2.1.2 Regulation function. …………………………………….. 16 
 2.1.3 Information function..…………………………………..... 18 
 2.1.4 Habitat function…………………………………………... 19 
  
 
iii 
 
2.2 The valuation of ecosystem services……………………………… 20 
 2.2.1 Valuation methods ………………………………………. 20 
 2.2.2 Average and marginal values ……………………………. 20 
2.3 Prior research on economic valuation of Thai natural resources… 21 
 2.3.1 Scientific studies………………………………………….  21 
 2.3.2 Economic valuation studies………………………………. 22 
2.4 Prior valuing of ecosystem services and wetlands in developing 
countries…………………………………………………………... 
    
25 
2.5 Prior research on meta-analysis benefit transfer of wetland 
valuation studies………………………………………………….. 
    
36 
2.6 The methodological framework for valuing the ecosystem 
services of the Bung Khong Long wetland ………………………. 
    
48 
 2.6.1 Economic valuation method……………………………… 48 
 2.6.2 Benefit transfer approach………………………………… 50 
2.7 Summary……………………………………………...................... 51 
Chapter 3: Choice modelling…………………………………………... 53 
3.1 Theoretical foundations…………………………………………... 53 
3.2 Model specifications ……………………………………………... 58 
 3.2.1 Multinomial logit model (MNL)………………………... 58 
 3.2.2 Random parameter logit model (RPL)………………….. 62 
3.3 The output of choice models…………………………………….... 64 
  
 
iv 
 
 3.3.1 Compensating surplus (CS) and mean WTP…………… 65 
 3.3.2 Implicit price or the marginal willingness to pay (WTP). 67 
3.4 Summary……………………………………………...................... 69 
Chapter 4: Data collection: Choice Experiment application………... 70 
4.1 Choice experiment design………………………………………… 70 
 4.1.1 Identifying the problematic issues……………………… 71 
 4.1.2 Attribute selection………………………………………. 74 
 4.1.3 Assigning levels to attributes…………………………… 84 
 4.1.4 Experimental design……………………………………. 87 
4.2 Questionnaire Design……………………………………………... 89 
4.3 Administrating Survey……………………………………………. 91 
 4.3.1 Pre-test Survey………………………………………….. 91 
 4.3.2 Sample selection………………………………………... 93 
 4.3.3 Main Survey…………………………………………….. 93 
4.4 Summary……………………………………………...................... 94 
Chapter 5: Stated preference estimated values for Bung Khong 
Long …………………………………………………………………….. 
    
95 
5.1 Respondents’ socioeconomic and attitudinal characteristics …….. 95 
5.2 Model specification ……………………….................................... 99 
 5.2.1 Multinominal logit model (MNL) model results………. 100 
 5.2.2 Random parameter logit (RPL) model results………….. 105 
  
 
v 
 
5.3 Estimation of Willingness to pay…………………………………. 111 
 5.3.1 Implicit prices (marginal willingness to pay, WTP)……. 111 
 5.3.2 Welfare implications…………………………………….   112 
5.4 Discussion of the findings………………………………………… 120 
 5.4.1 Results of the RPL model………………………………. 120 
 5.4.2 Implicit price estimates………………………………… 123 
 5.4.3 Welfare implications……………………………………. 125 
 5.4.4 Policy implications: Application of choice experiment to 
wetland management…………………………………… 
  
126 
5.5 Conclusions………………………………………………………. 131 
Chapter 6: The ecosystem service value of wetlands in developing 
countries: a meta-regression analysis…………………………………. 
  
133 
6.1 Prior meta-studies………………………………………………… 134 
6.2 The meta-regression methodology……………………………… 136 
 6.2.1 Appropriate estimator…………………………………... 137 
 6.2.2 Publication selection bias……………………………….. 138 
 6.2.3 Multiple estimates……………………………………… 140 
 6.2.4 Missing observations…………………………………… 141 
 6.2.5 Study quality……………………………………………. 141 
 6.2.6 Group specific intercepts……………………………….. 142 
6.3 The meta-analysis data……………………………………………. 143 
  
 
vi 
 
 6.3.1 Search for studies……………………………………….. 143 
 6.3.2 Criteria for inclusion……………………………………. 144 
 6.3.3 Definitions of MRA variables…………………………... 151 
6.4 Results and Discussion…………………………………………… 165 
 6.4.1 Publication selection bias………………………………. 165 
 6.4.2 OLS MRA results………………………………………. 169
 6.4.3 WLS MRA results……………………………………… 175 
 6.4.4 WLS MRA results with imputed Data…………………. 180 
 6.4.5 Fixed effects and study quality…………………………. 182 
 6.4.6 Robustness and sensitivity analysis…………………….. 182 
 6.4.7 Discussion………………………………………………. 187 
6.5 Summary and Conclusions……………………………………….. 194 
Chapter 7: Valuing Thai wetlands through benefit transfer………... 195 
7.1 Theoretical background of benefit transfer……………………….. 197 
7.2 In-sample performance of MRA benefit transfer functions………. 201 
7.3 Out-of-sample performance of MRA benefit transfer functions…. 206 
 7.3.1 Benefit transfer for Bung Khong Long wetland………... 206 
 7.3.2 Benefit transfer for other Thai wetlands………………... 210 
 7.3.3 Validity tests……………………………………………. 214 
7.4 Limitations and a potential for improving the accuracy of benefit 
transfer…………………………………………………………….
  
217 
  
 
vii 
 
 7.4.1 Limitations for meta-benefit transfer application………. 217 
 7.4.2 Potential for improving accuracy of benefit transfer…… 218 
7.5 Summary and Conclusions……………………………………….. 220 
Chapter 8: Conclusions and recommendations………………………. 222 
8.1 Key findings………………………………………………………. 222 
8.2 Limitations………………………………………………………... 230 
8.3 Directions for further research……………………………………. 233 
References……………………………………………………………..... 235 
Appendices……………………………………………………………… 270 
 
 
 
 
 
 
 
 
 
 
 
  
 
viii 
 
 
Lists of Tables 
Table 2.1 Comparison of results from wetland meta-analyses ………. 45 
Table 4.1 Stages of choice experiment design………………………... 71 
Table 4.2 Threats to wetland resources and strategies to protect Bung 
Khong Long wetland.…………………………………….... 
      
72 
Table 4.3 The examples of ecosystem services and attributes from 59 
CE studies of wetlands……………………………………... 
      
76 
Table 4.4 The possible attributes of Bung Khong Long wetland……... 77 
Table 4.5 Attributes and levels used in choice sets…………………… 87 
Table 5.1 Socioeconomic and attitudinal definitions and descriptive 
statistics……………………………………………………..
      
98 
Table 5.2 Ranking of social and environmental problems in Bung 
Khong Long community…………………………………… 
      
99 
Table 5.3 Results of MNL models……………………………………. 104 
Table 5.4 Results of RPL Models…………………………………….. 110 
Table 5.5 WTP for wetland ecosystem restoration programme……… 112 
Table 5.6 CS or mean WTP for wetland ecosystem restoration 
programme………………………………………………….
    
118 
Table 5.7 Aggregate WTP for wetland ecosystem restoration 
programme…………………………………………………. 
    
119 
  
 
ix 
 
Table 5.8 The value of the ecosystem services of the Bung Khong 
Long wetland………………………………………….......... 
    
130 
Table 6.1  Summary of the prior wetland meta-studies……………….. 135 
Table 6.2 Country distribution of studies included in the meta-
analysis……………………………………………………... 
    
147 
Table 6.3 Wetland definitions and descriptive statistics……………… 154 
Table 6.4 Ecosystem service variable definitions and descriptive 
statistics…………………………………………………….. 
    
157 
Table 6.5 Valuation method, variable definitions and descriptive 
statistics…………………………………………………….. 
    
161 
Table 6.6 Location variable definitions and descriptive statistics…… 163 
Table 6.7 Explanatory variables used in the meta-regression analysis.. 164 
Table 6.8  FAT-PET for publication selection and genuine empirical 
Effect………………………………………………………..
    
168 
Table 6.9 FAT-PET for publication selection and genuine empirical 
Effect with imputed data………………………………….... 
    
169 
Table 6.10  OLS meta-regression results……………………………...... 170 
Table 6.11 WLS meta-regression results………………………………. 176 
Table 6.12 WLS meta-regression with imputed data…………………. 180 
Table 6.13 Sensitivity analysis of MRA coefficients, WLS estimates… 184 
Table 6.14 Summary of key MRA variable coefficients……………… 187 
  
 
x 
 
Table 6.15  The 20th richest biodiversity countries……………………. 193 
Table 7.1 The in-sample MAPE of MRA models…………………….. 202 
Table 7.2 The in-sample MAPE of MRA models, Sub-Group Data…. 204 
Table 7.3 The in-sample MAPE of prior meta-studies………………. 205 
Table 7.4 Benefit transfer of the value of ecosystem services of Bung 
Khong Long wetland, only statistically significant MRA 
coefficients…………………………………………………. 
 
    
207 
Table 7.5 Benefit transfer of the value of ecosystem services of Bung 
Khong Long wetland, all MRA coefficients……………….. 
    
208 
Table 7.6 Estimated values of wetlands in Thailand from MRA 
transfer functions, all estimates…………………………….. 
    
212 
Table 7.7 Estimated values of wetlands in Thailand from MRA 
transfer functions, Sub-Groups…………………………….. 
    
213 
Table 7.8 Paired t-test of MRA estimated and original values, Bung 
Khong Long wetland……………………………………….. 
    
215 
Table 7.9 Paired t-test results of the MRA models estimated and 
original value of other wetlands, all estimates……………... 
    
216 
Table 7.10 Paired t-test results of the MRA models estimated and 
original value of other wetlands, sub-group data…………... 216 
 
 
 
  
 
xi 
 
Lists of Figures 
 
Figure 1.1 Bung Khong Long wetland and surrounding area………..... 5 
Figure 1.2 Processes for valuing ecosystem services of the Bung 
Khong Long wetland………………………………………. 
      
10 
Figure 2.1 The value of ecosystem services of the Bung Khong Long 
wetland……………………………………………………... 
      
15 
 Figure 4.1 Example of a choice set…………………………………….. 90 
Figure 5.1 Bung Khong Long wetland ecosystem: status quo………... 115 
Figure 5.2 High ecosystem improvement policy………………………. 116 
Figure 5.3 Low ecosystem improvement policy………………………. 117 
Figure 6.1 Geographic distribution of wetlands covered in the meta-
analysis……………………………………………………... 
    
146 
Figure 6.2 Mean wetland values by wetland types………………….... 148 
Figure 6.3 Mean wetland values by wetland ecosystem services……… 148 
Figure 6.4 Mean wetland values by locations………………………... 148 
Figure 6.5 Wetland value per hectare and wetland size……………….. 150 
Figure 6.6 Wetland value per hectare and GDP per capita……………. 150 
Figure 6.7 Funnel Plot for wetland valuations………………………… 166 
Figure 6.8 Funnel Plot for stated preference wetland valuations……… 166 
Figure 6.9 Funnel Plot Asian wetland valuations……………………… 167 
Figure 6.10  Rolling meta-regression coefficient, Lnarea……………….. 186 
  
 
xii 
 
Figure  6.11 Rolling meta-regression coefficient, LnGDP………………. 186 
Figure 6.12 Rolling meta-regression coefficient, CE…………………… 186 
Figure 6.13  Rolling meta-regression coefficient, Marine………………. 186 
Figure 6.14 Rolling meta-regression coefficient, Water treatment……... 186 
Figure 6.15 Rolling meta-regression coefficient, CVM………………… 186 
Figure 7.1 The Meta-valuation function and benefit transfer error……. 200 
Figure 7.2 Observed and predicted wetland values, general OLSClus 
model………………………………………………………..
    
203 
Figure 7.3 Transfer errors, general OLSClus model…………………….. 203 
Figure 7.4 Observed and predicted wetland values, Robust regression 
MRA model…………………………………………………  
    
203 
Figure 7.5 Transfer errors, Robust regression MRA model…………… 203 
Figure 7.6 Observed and predicted wetland values, general-to-specific 
WLSClus model……………………………………………... 
    
203 
Figure 7.7 Transfer errors, general-to-specific WLSClus model………..   203 
 
 
 
 
  
 
xiii 
 
List of Appendices 
Appendix 4.1 Water quality of Bung Khong Long in 2006………………. 271 
Appendix 4.2  English questionnaire……………………………………… 272 
Appendix 4.3  Thai questionnaire…………………………………………. 286 
Appendix 4.4  An example card of healthy aquatic plants……………….. 300 
Appendix 4.5  Population of Bung Khong Long wetland…………………. 301 
Appendix 4.6  Sample size………………………………………………… 302 
Appendix 4.7 PLAIN LANGUAGE STATEMENT AND CONSENT 
FORM……………………………………………………...
   
303 
Appendix 6.1 Studies included in the meta-analysis……………………... 304 
Appendix  6.2 FEML Meta-Regressions………………………………….. 310 
Appendix 6.3 REML Meta-Regressions………………………………….. 312 
Appendix 7.1 MRA benefit transfer values of wetlands in Laos, 
Cambodia, and Vietnam…………………………………… 
   
314 
 
 
 
 
  
 
xiv 
 
Abstract 
The Bung Khong Long wetland is one of the largest freshwater lakes in the 
Northeast of Thailand. It supports a biodiversity of plant and animal species, 
and provides numerous goods and services, that have an economic value not 
only to the local people living in its periphery but also to communities living 
outside the wetlands area. This thesis applies two techniques: economic 
valuation methods and benefit transfer using meta-regression analysis to 
estimate the value of ecosystem service of the Bung Khong Long wetland.  
The findings of the CE reveal that the highest implicit prices are for the temple 
restoration attribute, followed by cropping area, healthy aquatic plants, bird 
species and fish catch. Analysis of time delay reveals that local people do not 
want to wait a long time for ecosystem improvement. On average, households 
are willing to contribute US$ 79.13 per annum for five years to a trust fund to 
finance ecosystem improvements. The estimated social benefits are US$ 
1,349,087 per annum, at 2012 prices. The estimates of avoided damage cost 
indicate that the value of the carbon sequestration ecosystem service is US$ 
1,387,415 per annum. The estimates from the market price valuation method 
show that water supply and raw material values are US$ 24,333 per annum and 
US$ 1,670 per annum, respectively. Thus, the total economic value of 
ecosystem services is US$ 2,762,505 per annum, or an average value of 
approximately US$ 1,248 per hectare per annum at price 2012.  
Benefits transfer approach using meta-analysis arrived from economic 
valuation of wetlands from 309 studies (960 observations) of developing 
countries was applied to estimate the ecosystem service values of Bung Khong 
Long wetland and 15 wetland sites in Thailand. 
Meta-regression analysis indicates that wetland size is very robust in having a 
negative effect on average wetland values. Also marine wetlands are 
  
 
xv 
 
consistently regarded as more valuable than estuarine wetlands. GDP per capita 
has a positive effect on wetland values. Wetland services for water treatment 
and habitat-biodiversity have higher values than those based on recreation. 
Wetland values produced by stated preference studies are lower than those 
estimated with market price valuation method. Protected area and urban 
wetlands produce higher values than other sites, while Ramsar sites are less 
valuable than other sites. 
Application of benefit transfer to Bung Khong Long wetland showed that 
transfer values were rather close to the value generated by the economic 
valuation method, with transfer errors of less than 40 percent. Benefit transfer 
predicts a value of US$ 1,091 per hectare per annum which is very close to the 
estimated value from the CE and market price based approaches of US$ 1,248. 
This indicates that benefit transfer can be used for Bung Khong Long wetland. 
However, application of the benefit transfer to other wetlands in Thailand 
produces less precise results. 
Chapter 1 
 Introduction 
 
1.1 Motivation and rationale for research 
Wetlands are highly productive ecosystems, providing many important services to 
human society (Vermar, 2001). Wetland systems directly support a large number 
of people and provide goods and services to the world outside the wetlands 
(Barbier et al., 1997). Wetlands also perform numerous important functions, such 
as: flood control, storm protection, nutrient retention, ground water recharge, 
carbon sequestration, erosion control, salinity control, micro-climate stabilization, 
water regulation, and water treatment (Schuyt and Brander, 2004). Diverse fresh 
and marine aquatic ecosystems support biodiversity and provide secure habitat for 
countless species of birds, mammals, reptiles, amphibians, fish and invertebrate 
species (Eftec, 2005). 
However, wetlands are ecologically sensitive systems (Zhao et al., 2005). 
In recent years, the need for conservation of natural wetlands has continually 
increased, leading to the creation of the Convention on Wetlands of International 
Importance - The Ramsar Convention in 1971 - and the Millennium Ecosystem 
Assessment in 2005 (Ghermandi et al., 2007). These initiatives notwithstanding, 
wetlands continue to be lost and persistently degraded throughout the world 
(Turner et al., 2000). One reason for this is that many wetland ecosystem services 
do not have a market value and, thus, their benefits may not be considered in 
commercial development decisions and broader public policy initiatives (Barbier, 
2007). Furthermore, wetlands are generally open-access with ill-defined property 
rights, enabling rivalry and incentives for individual benefit. Moreover, policy- 
and decision-makers often fail to fully account for the non-market ecosystem 
values of wetlands. This may in turn result in an inefficient allocation of wetland 
resources which is a crucial reason why in several regions of the world wetland 
ecosystems are still under threat, in spite of growing conservation efforts 
(Ghermandi et al., 2008). Currently, many wetlands have been converted to fish 
and shrimp cultivation ponds, and many have been disturbed by port expansion, 
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urban and industrial development, as well as tourism (Ruitenbeek 1994, as cited in 
Turner et al., 2000).  
Wetland ecosystems in Thailand had encountered rapid degradation, 
especially since the period commencing with the First National Economic and 
Social Development Plan1 (1961-1966) to the Seventh National Economic and 
Social Development Plan (1992-1996); wetlands were assigned either no value or 
even a negative value by Thai policy-makers. The National Economic and Social 
Development Plans focused only on economic growth by increasing agricultural 
production for export, promoting foreign direct investment (FDI) and tourism 
development (NESDB, 2001). As a consequence, large areas of freshwater 
wetlands were adapted to cropping land, numerous irrigation projects diverted 
river water away from wetlands, leaving them shallower, overgrown and drained, 
while coastal wetlands and mangrove forests were transformed into shrimp 
aquaculture and other coastal developments (Trisurat, 2006). Approximately 52 
percent of Thailand’s mangroves were deforested during 1961-1996 (Vilie et al., 
2001, as cited in Barbier, 2007). According to a national wetland inventory 
conducted in 1999, wetlands in Thailand remain approximately 3,660,000 
hectares or 7.5 percent of the country area (42,653 wetland sites) (Trisurat, 2006).   
Thailand has recorded high rates of economic growth, averaging 7 percent 
per annum. Personal incomes in Thailand increased from 80 US$ per head in 
1961 to 3,800 US$ per head in 1996 and the proportion of the population in 
poverty declined from 57 percent in 1961 to 11.4 percent in 1996 (NESDB, 
2001). Meanwhile, during this period, the quality of natural resources and the 
environment deteriorated heavily: There was a large environmental cost to 
national development (UNEP, 2008).  
                                                          
 
1The National Economic and Social Development Plan is formulated by the Office of the National 
Economic and Social Development Board of Thailand (NESDB), to determine the national 
development goals for five year periods. To date, there have been eleven National Economic and 
Social Development Plans, for the periods 1961-1966, 1967-1971, 1972-1976, 1977-1981, 1982-
1986, 1987-1991, 1992-1997, 1998-2001, 2002-2006, 2007-2011, and 2012-2016.  
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After the financial crisis of 1997, Thai policy-makers reviewed the 
previous National Economic and Social Development Plans. Policy-makers have 
recognized the importance of sustainable development by maintaining economic 
stability together with conserving natural resources and environment since the 
Ninth National Economic and Social Development Plan (2002-2006). However, 
despite increasing efforts in preservation, wetland ecosystems in Thailand 
continue to be under pressure (Trisurat, 2006). Thai wetlands are facing many 
ecological problems, such as resource depletion, algae bloom, toxic substance, 
and sedimentation. 
Providing reliable economic valuations of wetlands to policy-makers is a 
necessary step in the process of finding solutions to ecological problems. 
Economic valuations provide a means for measuring and comparing the various 
benefits of wetlands and, of course, the costs associated with preservation. Hence, 
economic valuation can be a powerful tool to aid and improve wise use and 
wetland management (Barbier et al., 1997). However, economic valuation is often 
derived from survey research which requires a large budget and time and, 
sometimes, local people might not feel comfortable enough to respond to 
questionnaires. In addition, conducting primary research in the everyday policy 
process can be inefficient. More importantly, many primary studies have a rather 
limited scope and some are of low quality (Boyle and Bergstrom 1992, as cited in 
Shrestha and Loomis, 2001), and many might suffer from large sampling error.  
One possible solution is through benefit transfer, whereby information 
collected from sites is then transferred to unstudied, policy sites. An increasingly 
common way of conducting benefit transfer is to apply meta-analysis. Meta-
analysis summarizes information from several primary valuation studies, and 
more importantly can be used to generate benefit functions that are more widely 
applicable and less sensitive to the attributes of individual studies (Downing and 
Ozuna 1996; Moeltner et al., 2007; Vandenberge et al., 2001, as cited in 
Johnston, 2007). Benefit transfer has many potential uses in developing countries, 
where collecting primary data is impeded by rather limited budgets and 
unavailable data to estimate the value of the ecosystem services of wetlands. 
Therefore, in theory, benefit transfer could potentially assist with assigning values 
Chapter 1 
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to ecosystem services from wetlands and thereby assist policy-makers and 
planners to make effective choices between conservation, conversion, and 
utilization of wetlands for optimal use.2 
 
1.2 Statement of the problem 
The primary focus of this thesis is the Bung Khong Long wetland. This is the 
largest freshwater lake in the North-Eastern part of Thailand. It is situated at the 
border between the Sega district and the Bung Khong Long district, in the Bung 
Karn Province. The lake lies on the floodplain of the Songkram River, into which 
water from the lake is discharged before being released into the Mekong River. 
Bung Khong Long lake covers 2,213.92 hectares. It supplies raw water for the 
municipalities to produce tap water consumed in the Bung Khong Long district 
(Ramsar, 2001). The surrounding land of the lake is forest, remnant forest and 
privately owned land for agriculture, as well being home to 18 villages (WWF 
Greater Mekong Thailand Country Program, 2006), as shown in Figure 1.1  
 
 
  
                                                          
 
2 To a large extent this assumes that policy-makers are either social welfare maximisers or in some 
way wish to preserve wetlands. If policy-makers have other objectives, then the accuracy of 
wetland valuations might be relatively unimportant. 
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Figure 1.1: Bung Khong Long wetland and surrounding area 
 
        Source: WWF Greater Mekong Thailand Country Programme, 2006  
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 The Bung Khong Long wetland also provides numerous goods and services 
and recreational opportunities that have an economic value not only to the local 
people living in its periphery but also to communities living outside the wetland 
area. Furthermore, the Bung Khong Long wetland performs many ecosystem 
functions, such as waste absorption, flood control, and carbon sequestration.  
 The Bung Khong Long wetland supports a high diversity of aquatic plants 
and wetland wildlife (Ramsar, 2001). There are 80 aquatic plant species, 
consisting of marginal and shrub (57 species), floating (7 species), submerge (8 
species) and emergent (7 species) (Wetlandnongkai, 2009). The aquatic plants are 
the drivers of ecosystem productivities and biogeochemical cycles (Carpenter and 
Lodge 1986, as cited in Udomsri et al., 2005). Moreover, there are 80 fish 
species, and 136 bird species, of which 76 are migratory, including the 
endangered Baer’s Pochard (Wetlandnongkai, 2009). The Bung Khong Long 
wetland also contains unique flora and fauna. Khonkaen University (2000: 33) 
noted that:  
In particular, several species of threatened fish and birds are endemic to papyrus floodplain; 
moreover Bung Khong Long is one of the most important wetlands for wintering birds in the 
North-Eastern part of Thailand. During winter about 33 species of non-breeding migrants utilize 
Bung Khong Long as their winter habitat. In addition Bung Khong Long also provides a spawning 
ground for fish species existing in this lake.  
 
As a result, the site has been declared a Non-Hunting Area since 1982 (Suksri et 
al., 2005) and the international importance of the wetlands has been recognized 
with its classification as a Ramsar site since 2002. 
The Bung Khong Long wetland is a good example of environmental 
attributes that are undervalued. In one sense there is a failure of the market to 
reflect the scarcity value of the wetlands. This is, in part, due to poorly defined 
and poorly assigned property rights leading to over exploitation and degradation 
of the wetland. This is the case even though the conservation of the wetland is 
supported by the Ramsar Convention and WWW Greater Mekong Organization. 
Currently, the Bung Khong Long wetland is being disturbed and threatened by 
various factors, such as extensive fishing, chemical pollutant draining from 
agricultural practices and household activities, illegal bird hunting and the 
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collection of bird eggs, illegal lumber cutting, accidental burning caused by 
fishermen attempting to remove vegetation to access fishing grounds, and 
encroachment by ever expanding local communities (Office of Natural Resource 
and Environmental Policy and Planning, 2004). All these factors have led to a 
considerable alteration of the Bung Khong Long wetlands’ habitat and a reduction 
in their potential.  
This thesis seeks to estimate how much the local population values the 
ecosystem services of the various wetland attributes through their willingness to 
pay for improving the ecosystem. Such estimates can help policy-makers and 
stakeholders to make informed decisions as to how large wetlands should be 
utilized and conserved for optimal use between different users. 
 
1.3 Study objectives 
This thesis has three main objectives.  
1. The thesis seeks to assess the value of the ecosystem services of the Bung 
Khong Long wetland.  
The non-market valuation method of choice modeling will be used to estimate the 
value of the ecosystem services of the Bung Khong Long wetland. The choice 
modeling will: 
i) Estimate the willingness to pay (WTP) for improving the ecosystem 
services and cultural amenity of the Bung Khong Long wetland. 
ii) Identify and analyze the factors affecting the respondents’ WTP for 
improving the ecosystem services and cultural amenity of the Bung 
Khong Long wetland. 
2.   A meta-regression analysis (MRA) of developing country wetland valuation 
studies will be undertaken to:  
i)   Provide useful information about the determinants of the value of wetland 
ecosystem services. 
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ii)   Apply the MRA for benefit transfer of the Bung Khong Long wetland 
and other policy sites in developing countries. 
3.  A comparison of the primary values elicited through choice modeling and the 
values derived through benefits transfer will be undertaken. This comparison 
provides a contribution to the valuation literature and progresses the available 
data on benefits transfer.  
Finally, the thesis provides planners and policy-makers with much needed 
information regarding wetland values with the aim of informing policy for 
wetland conservation and sustainable use.  
 
1.4 Research questions 
The thesis focuses on nine  central research questions: 
1) What is the value of the ecosystem services of the Bung Khong Long 
wetland? 
2) Does the choice experiment methodology generate useful information 
about the local population’s attitudes towards improving the Bung 
Khong Long wetland ecosystem? 
3) What are the main factors affecting respondents’ willingness to pay for 
improving ecosystem services and cultural amenity of the Bung Khong 
Long wetland? 
4) How much is the Bung Khong Long community willing to pay for the 
wetland ecosystem improvement program? 
5) What are the determinants of wetland values in developing countries? 
6)  Are MRA models suitable to estimate the value of the ecosystem 
services of the Bung Khong Long wetland and other policy sites? 
7) What is the comparison between primary values estimated with a 
choice experiment and values estimated through benefit transfer?  
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8)   Can benefit transfer be used for the Bung Khong Long wetland? 
9) What specific suggestions does this study generate for wetland planners 
and policy-makers? 
 
1.5 Overview of methodology 
The total economic value of the wetland ecosystem services provided by Bung 
Khong Long will be estimated by both economic valuation methods and benefit 
transfer approach. The economic valuation method is derived from a survey 
research and secondary data derived from scientific studies, consultancy reports 
and national resource inventories, while benefit transfer is conducted by meta-
regression analysis. The processes used to estimate the value of the ecosystem 
services of the Bung Khong Long wetland are presented in Figure 1.2. 
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Figure 1.2: Processes for valuing ecosystem services of the Bung Khong Long 
wetland 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
First, three economic valuation methods are chosen to estimate the value 
of ecosystem services, based on the specific context of the ecosystem services of 
the Bung Khong Long wetland, the nature of the tools available and data 
availability:         
(i) A choice experiment3 based on a survey of 768 households.  
(ii) Market price valuation method4 based on secondary data derived 
from national resource inventory data.  
                                                          
 
3 The details will be discussed in Chapters 2, 3, and 4. 
 
4 The details will be discussed in Chapters 2 and 5. 
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(iii) Avoided damage cost5 based on scientific studies, and consultancy 
reports. 
Second, a benefit transfer approach6 is applied to estimate the value of the 
ecosystem services of the Bung Khong Long wetland via meta-regression analysis 
(MRA)7. The meta-regression model is derived from economic valuations of 
wetlands from 309 studies of developing countries. Also this MRA transfer 
function is employed to estimate the value of the ecosystem services of other 
wetlands in Thailand. 
Third, the value of the ecosystem services of the Bung Khong Long 
wetland estimated by both economic valuation method and benefit transfer 
approach will be compared. This leads to conclusions regarding whether benefit 
transfer can be used to estimate the value of ecosystem services for the Bung 
Khong Long wetland.  
 
1.6  Thesis structure 
This thesis is organized as follows. This chapter outlines the motivation and 
rationale for the research, a statement of the problem, including the research 
questions, study objectives and an overview of the methodology. Chapter two 
introduces the value of the ecosystem services of Bung Khong Long and 
economic valuation methodology. It also reviews the literature and prior research 
on; economic valuation in Thailand, economic valuation studies in developing 
countries, and meta-analyses. Against this background of prior literature the 
methodological framework for valuing the ecosystem services of the Bung Khong 
Long wetland is developed.   
Chapter three provides a detailed description of the methodology on 
choice experiments (CE), including a discussion of the econometric models used 
                                                          
 
5 The details will be discussed in Chapter 2. 
6 The details will be discussed in Chapter 7. 
7 The details will be discussed in Chapter 6. 
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for estimation and the output of CEs. Chapter four outlines the development of 
the choice experiment survey for this study. This includes; defining attributes and 
their levels, developing the questionnaire design, outlining the data collection 
process, and detailing the pilot survey and main survey.  Chapter five discusses 
the CE results, implicit price estimates, and the welfare implications of the 
hypothetical policy changes including estimates of ecosystem service and cultural 
amenity values of the Bung Khong Long wetland.  
Chapter six details the meta-regression analysis methodology, the search 
for data, the meta-regression analysis model, and discusses the results. Chapter 
seven discusses the application of MRA benefit transfer functions to estimate the 
value of the ecosystem services of the Bung Khong Long wetland and fifteen 
other wetland policy sites in Thailand.  Finally, chapter eight summarizes the 
main findings of the study and some important policy implications and 
recommendations are discussed. 
Chapter 2 
A review of the literature and methods
 
The previous chapter discussed the threats to wetlands in Thailand and also the 
research questions to be explored in the thesis. This chapter provides an 
introduction to the value of ecosystem services and their estimation, a review of 
the relevant literature and the framework for estimating the value of the ecosystem 
services of the Bung Khong Long wetland. The literature on wetland valuations 
consists of hundreds of individual primary studies, as well as several meta-
analyses or systematic and quantitative reviews of the primary literature. Both 
types of studies are reviewed in this chapter. 
This chapter is divided into seven sections. Section 2.1 outlines the 
components of the value of the ecosystem services of the Bung Khong Long 
wetland. Section 2.2 provides a brief introduction on the various methods of non-
market valuation. Section 2.3 reviews the prior research on economic valuation of 
natural resources in Thailand. This literature is relatively scant. Moreover, there 
are no prior studies of the economic valuation of the Bung Khong Long wetland. 
Section 2.4 reviews the literature on valuing ecosystem services in developing 
countries and the studies of the valuation of wetlands in developing countries. 
Section 2.5 reviews meta-analyses of wetland valuation studies. Section 2.6, 
presents the methodological framework for valuing the ecosystem services of the 
Bung Khong Long wetland. The chapter summary is presented in section 2.7. 
 
2.1 The value of the ecosystem services of the Bung Khong 
Long wetland 
Wetlands, like other ecosystems, provide a wide range of goods and services that 
generate value and contribute to human welfare (Barbier, 1994). Turpie et al. 
(2010: 15) note that: “The concept of ecosystem goods and services, popularized 
in the ecological economics literature stems from the perception of ecosystems as 
natural capital which contributes to economic production”. Valuing the ecosystem 
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services of wetlands involves the translation of ecological structures and processes 
into ecosystem functions providing the goods and services that are valued by 
humans (de Groot et al., 2002). Thus, assessing the value of wetland ecosystem 
services requires linking wetland ecology or functioning and wetland economics 
and values (Turner, 2000). Figure 2.1 illustrates the various components that make 
up the value of ecosystem service of the Bung Khong Long wetland. 
As shown in Figure 2.1, Bung Khong Long is a lacustrine wetland8 or 
freshwater lake which is part of the flood plain of the Songkram River and also a 
part of the watershed area that receives alluvial sediment, particularly during the 
rainy season (Ramsar, 2001). The wetland is located at 1750’N, 18q03’N and 
103q54’E, 104q43’E. The climate is characterized by tropical monsoons with 
annual rainfall of 2040 mm, mainly falling during May to September. The mean 
annual temperature is 32.3qC, with a maximum of 43.9qC and a minimum of 
2.5qC (Crimatological Group, 2002). The Northern part of the lake has floating 
grass mats on the water surface, while the Southern part has deeper open water, 
ranging from a depth of 3.8 meters to 5.2 meters (Udomsri, et al., 2005). Bung 
Khong Long has a variety of aquatic flora and fauna (Ramsar, 2001). These 
physical and ecological characteristics can be translated into four ecosystem 
functions - production, regulation, information, and habitat - which provide 
valuable goods and services to the local population (de Groot et al., 2002).  
 
  

8 A lacustrine wetland is an area of permanent water with little flow such as ponds, lakes, and 
volcanic crater lakes (Barbier et al., 1997). 
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Figure 2.1:  The value of ecosystem services of the Bung Khong Long wetland 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Sources: Adapted from Barbier (1994), Costanza et al. (1997), Turner et al. (2000), and de Groot  
et al. (2002). 
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2.1.1  Production function 
Ecosystem processes and components of wetlands convert solar energy into edible 
plants and animals including biomass for human construction and other uses (de 
Groot et al., 2002). The local population directly obtains these benefits from the 
wetland ecosystem. This is known as “direct use value (DUV)”. DUV can be 
grouped into food production and raw materials. 
Food production 
Wetlands fulfil the essential needs for maintaining fish population as they provide 
food (Eftec, 2005). Coral reefs and mangroves provide food for millions of people 
in tropical developing countries, with up to 25 % of the world’s fisheries 
production in tropical countries (Moberg and Folke, 1999). The Bung Khong 
Long wetland ecosystem provides diverse food sources for the local population. 
During the course of a year, people can harvest more than 30 kinds of fish 
amounting to approximately 84,000 kilograms, 15 kinds of mushroom of about 
8,000 kilograms, 10 types of other aquatic fauna of about 37,000 kilograms, 17 
kinds of aquatic plants amounting to about 23,000 kilograms, and 10 kinds of 
bamboo shoot amounting to approximately 19,000 kilograms (WWF Greater 
Mekong Thailand Country Program, 2006). 
Raw materials   
Wetlands also provide grazing for animals, fuel wood and materials for products 
such as utensils, mats, trays, baskets and paper (Efec, 2005). Bung Khong Long 
also provides renewable biotic resources such as bulrush, fuel wood, and animal-
feed. According to the WWF Greater Mekong Thailand Country Program report 
(2006), villagers can gather 12 types of forest plants of about 17,000 kilograms, 
and about 34,000 kilograms of bulrush.  

2.1.2  Regulation function 
Wetlands perform regulation functions that are essential ecosystem processes and 
life support systems via bio-geochemical cycles and other biosphere processes (de 
Groot et al., 2002). These regulation functions provide several ecosystem services 
that have direct benefits (e.g., water supply and water regulation). They also 
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generate indirect benefits “indirect use value (IUV)” (e.g., carbon sequestration, 
water quality improvement, and flood control) to the local population living in its 
periphery, as well as to communities living outside the wetland area. 
Water regulation 
The ecosystem services derived from water regulation are maintenance of natural 
irrigation. According to the Ramsar (2001), Bung Khong Long provides water for 
horticultural plantations. 
Water supply 
Wetlands perform functions such as retention and storage water supply. Ramsar 
(2001) reported that Bung Khong Long supplies raw water for the municipality 
and Tambol Administration Organizations9 to produce tap water used in Bung 
Khong Long and Se Ka districts of the Bung Karn Province. 
Carbon sequestration 
Wetland ecosystems provide carbon sequestration. The capture of CO2 helps to 
minimize damage from global warming (Spaninks and van Beukering, 1997). CO2 
is absorbed by plants during their growth process and it is then stored in above- 
and below-ground plant biomass10 and peat deposits (Turpies et al., 2000). 
Lowland rainforest in Bung Khong Long covers approximately 530 ha (Suksri, 
2005). It can absorb approximately 18,000 tons  CO2 per annum from the 
atmosphere. The mean carbon sequestration of the lowland rainforest is about 
33.66 tons per ha per annum (Chittachumnonk et al., 2000). 
Water quality improvement  
Aquatic systems can break down, remove, and recycle organic and inorganic 
human waste through dilution, assimilation, and chemical re-composition (de 
Groot et al., 2002).  For example, organic pollutants (e.g., nitrates, phosphates 
etc.) and inorganic pollutants (e.g.,heavy metal, chlorine, cyanide, sulphur etc.) 

9 The Tambon Administration Organization is a local government unit in Thailand.  
 
10 “Plants produce biomass by a process called photosynthesis in which the energy from the sun 
converts carbon dioxide (CO2) and water to carbohydrates and oxygen (O2)”                             
(The National Energy Foundation, 2001: 1). 
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are diluted and taken up by aquatic plants (Turpies et al., 2010). In Bung Khong 
Long, aquatic plant communities play an essential role in pollution detoxification. 
Flood control 
Wetlands also serve as mechanisms for flood control by acting as natural buffers, 
soaking up and storing a significant amount of floodwater (EPA, 2006). 
According to WWF Greater Mekong Thailand 2006’s survey, Bung Khong Long 
wetland acts as a drainage area of about 6,000 ha. 

2.1.3  Information function   
Humans have often dwelled along rivers and lakes, as wetlands provide fish, 
drinking water, pasture land, and transportation. Wetlands can become an 
important part of cultural history, and part of mythology, arts, and religion 
(Barbier et al., 1997). Thus, wetland ecosystems are important sources of 
inspiration for art and culture. People derive benefits from the knowledge that this 
resource will be available for future generations. This is known as the “bequest 
value (BV)”. This ecosystem service benefit is a “non-use value (NUV)” (Selassie, 
2006). Further, wetlands provide opportunities for education and research defined 
as “option value” associated with the potential benefits of awaiting improved 
information before giving up the option to conserve a resource for future 
generations (Arrow and Fisher 1974, as cited in Turner et al., 2000). Natural 
ecosystems also provide opportunities for recreation activities and people can 
derive this ecosystem service benefit directly (direct use value, DUV). 
Cultural heritage 
Bung Khong Long is part of the Mekong Basin which has nurtured some the great 
civilizations of history (Barbier et al, 1997). Therefore, Bung Khong Long 
provides opportunities for cognitive development associated with culture, art, and 
religion. 
Scientific research 
Wetlands are a source of information about aquatic organisms and avian species, 
their habitats, ecosystem functions, natural biological processes and relationships 
between them (Turpies et al., 2010). Ecological features of Bung Khong Long 
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provide field laboratories for conducting scientific research, particularly on 
aquatic plant communities and marsh birds (Ramsar, 2001). 
Recreation 
Wetlands have attractive landscapes and provide opportunities for recreational 
activities, e.g., walking, camping, fishing, swimming, bird watching, and nature 
study (de Groot et al., 2002). However, according to Ramsar (2001), the Bung 
Khong Long wetland has low potential as a tourist attraction location, in that  
birds can only be easily seen during winter and the only place to find birds with 
ease is along the nature trail.                                 

2.1.4  Habitat function 
Wetland ecosystems support living spaces for plant and animal species and 
biodiversity. People derive benefits from knowing that such a resource exists or 
will continue to exist. This is known as “existence value” and is also part of the 
“non-use value (NUV)” (Selassie, 2006). 
Habitat 
Organisms require environments in which to obtain sufficient food and water for 
survival, escape potential predators, rest and reproduce (Yarrow, 2009). Bung 
Khong Long provides habitat for aquatic species and avian species and supports 
nursery and sanctuary areas for avian and aquatic fauna species (Khonkaen 
University, 2000). 
Biodiversity 
Biodiversity contributes to stabilising ecosystem functioning in the face of 
environmental fluctuations (Cleland, 2012). Baisar et al., (2011; 1) note that: 
 Variation in species richness, composition, and network structure has 
implications for population dynamics, resistance to species invasions, and a suite 
of ecosystem functions, including decomposition, primary productivity, seed 
dispersal, and pollination.  
 
Each organism can vary in their contributions to ecosystem functioning (e.g. some 
species are “keystone species “or organisms with high “community importance 
values” (Naeem et al., 2012).  Along with proven space for plants and animals 
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(native and migratory species), wetland ecosystems are conducive to the 
maintenance of biological and genetic diversity (de Groot et al., 2002).  Thus, 
Bung Khong Long supports the biodiversity of aquatic and avian species. 
In summary, the value of the ecosystem services of the Bung Khong Long 
wetland include benefits derived by people from wetland ecosystems which 
include both “use value” and “non-use value”. Use value can be categorized into 
direct use value (e.g., food production, raw materials, recreation, water supply and 
water regulation) and indirect value (e.g., flood control, carbon sequestration and 
water treatment). Non-use value is divided into bequest value, existence value and 
option value.  
 
2.2 The valuation of ecosystem services 
2.2.1 Valuation methods 
Various economic valuation techniques have been developed and employed to 
estimate the monetary value of ecosystem services. The International Union for 
Conservation of Nature (IUCN) classifies these as:  
 
(1) Market price based approaches that value goods and services at their 
market prices. The key methods are market price valuation method, 
production functions, replacement cost, avoided damage cost, and 
opportunity cost.  
(2) Revealed preference methods, such as the travel cost method and 
hedonic pricing, value ecosystem services indirectly from the purchase 
prices of goods or services.  
(3) Stated preference methods, such as contingent valuation and choice 
experiments, estimate non-market values by employing individual stated 
behavior in hypothetical settings. These techniques are discussed in further 
detail in Chapters 3 and 6. 
2.2.2 Average and marginal values 
There is an important distinction between the marginal, the average, and the total 
value of wetlands. Marginal values are necessary when considering the impact of 
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small changes to a wetland. The total value of an ecosystem is a useful measure 
for assessing non-marginal changes in wetlands. The “total economic value” 
refers to the sum of the use and non-use values outlined in section 2.1.  Average 
values are useful for comparing the total value of ecosystems relative to their size 
(Bergstrom et al, 1990).  
From a public policy perspective, estimates of the marginal value of 
wetland conservation are necessary in order to design policies that result in 
optimal levels of conservation and development. One challenge is to convert 
marginal values into total (and average) values. It is very likely that marginal 
values decline as ecosystems increase: a small increase (decrease) in wetland area 
reduces (increases) the marginal value of a wetland. Brander et al., (2006) note 
that marginal values decline because most wetland functions exhibit diminishing 
marginal returns. However, Brander et al. (2006: 236) also note that “some 
ecological functions require minimum thresholds of habitat area which suggests 
that wetland values may increase with size.” When marginal values are not 
constant but decline with size, multiplying a per hectare value by wetland area 
size will produce a downward biased estimate of total value. A constant value per 
hectare also assumes that each wetland hectare is equally productive. This 
essentially assumes that there are constant returns to scale (the marginal wetland 
value equals the average wetland value). Bergstrom et al. (1990) note that this 
assumption is likely to be false. This issue becomes important in the meta-
analyses of wetland values presented in Chapters 6 and 7. 
 
2.3 Prior research on economic valuation of Thai natural 
resources  
2.3.1 Scientific studies 
Due to its large reservoir and non-hunting area, Bung Khong Long supports many 
families of fish and highly diverse fish species and waterfowls (OEPP 2002, as 
cited in Udomsri et al., 2005). The Bung Khong Long wetland has been chosen as 
the study area for various fields of research, especially scientific research. Several 
studies of Bung Khong Long have been undertaken, all of which explore non-
economic aspects of the wetland. For example, Udomsri et al. (2005) studied 
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species diversity, density and distribution of aquatic plants. This study found that 
there were a total 75 species, 62 genera and 38 families of aquatic plants with an 
average biomass 296.50 g/m2. Suksri et al. (2005) focused on ethnobotany11 
finding that there were a total of 203 species, 128 genera and 67 families. These 
species were divided into categories: 108 edible (53%), 76 medicines (37%), 14 
construction materials (7%) and 40 for other purposes (20%). 
 
2.3.2 Economic valuation studies  
There are no prior studies of the economic valuation of this wetland. 
Hence, this thesis will make an original contribution by providing information on 
the important economic dimension of Bung Khong Long. However, there have 
been several studies of other Thai natural resources. 
Economic valuation studies in Thailand commenced in 1987, with the 
assessment of the environmental value of recreation of Lumpinee Park. Since 
then, research on valuations has grown steadily (Phoompanich et al., 2007). 
Valuation studies have been conducted on wetlands, national parks and forests, 
and cultural heritage sites. Sathirathai (1998) estimated the economic value of 
mangroves in the Surat Thani Province focusing only on use value.direct use 
value (DUV) of mangroves was estimated by a market valuation method via the 
net income generated from the mangrove by local people harvesting fish, shrimp, 
crabs and molluscs and honey, as well as wood products.Using the production 
function approach,  Ellis-Fisher (1987) and Freemand (1991) model estimated the 
indirect use value (IUV) of offshore fishery linkages and IUV of coastal line 
protection using replacement cost. The economic use value of mangroves was in 
the range of US$ 171.39 to US$ 227.56 per ha per annum12. Although 
Sathirathai’s study estimated the economic value of coastal wetlands, it did not 
include non-use values (NUV). Furthermore, this study focused only on the 

11 “Ethnobotany is the study of cultural plant use and perception of plants” (Australian Tropical 
Herbarium, 2012: 1). 
12 Values are in dollars of year of study. 
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mangrove ecosystem and did not address the joint values of mangroves and coral 
reefs.  
Chuenpagdee (1998) applied economic valuation methods for assessing 
coastal wetland values in Southern Thailand. A damage schedule approach was 
conducted based on a scale of relative importance from the respondent’s value 
judgements of various resource losses and activities causing losses. The 
respondents were asked to make trade-offs between loss of resources and loss of 
money. The study found that people in Baan Don Bay were willing to lose money 
for partial damage to the mudflats of about US$ 56.08 per ha per annum and in 
the Phang Nga Bay amount US$ 118.39 per ha per annum for severe damage to 
sandy beach. Though the study incorporated ecological linkages among mangrove
and seagrass bed ecosystems, it did not estimate the economic value of all 
ecosystem services. 
Seenprachawong (2001) estimated the economic value of coral reef in the 
Andaman Sea of Thailand, Phi Phi Islands. Recreation value was estimated using 
the travel cost valuation method and contingent valuation was used to assess 
biodiversity value. The recreation benefit was estimated at US$ 6,491 per ha per 
annum and biodiversity benefit was estimated at US$ 15,718 per ha per annum. 
Despite assessing both UV and NUV, this study focused only on coral reef 
ecosystems.  
Seenprachawong (2002) extended previous research on the economic 
valuation of coastal ecosystems by linking coastal ecosystems, mangroves, and 
coral reefs. The study used a choice experiment to estimate the value of changes 
to the ecosystem of Phang Nga Bay. The results indicate the welfare benefits of 
improving the Bay’s ecosystems of US$ 2,458 per ha per annum. Biodiversity of 
flora and fauna had the highest value. Local livelihood and ecological functions 
were given equal value, while endangered species were the least valued. In spite 
of including the joint value of coastal, mangrove and coral reef ecosystems, 
Seeprachawong’s study did not estimate the total economic value of wetland 
ecosystems. 
Jenharnkit (2004) estimated the direct use value of Nong Bong Kai 
wetlands by employing a market valuation method. The study found a value of 
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US$ 165.18 per ha per annum. However, the market valuation method used in this 
study was based on total revenue calculations which can lead to inflated estimates 
of producer surplus, if cost of the value products is not subtracted (Woodward and 
Wui, 2001; Brander et al., 2006). 
Delang (2006) estimated the economic value of wild edible plants in 
Thung Yai Naresuan, using two methods. The first method used the opportunity 
cost of time spent in gathering plants by using the local wage rate. The second 
method employed the amount of money that local people were able to save by not 
buying domestic food crops in the market. The total value of wild edible plants 
was estimated at US$ 316.73 per ha per annum by assuming a 1.5 km gathering 
radius around each village. However, this study may lack precision because the 
accuracy of information diminishes when respondents are asked to recall past 
events, especially plant quantity (Bernard et al., 1984).  
Pagdee (2008) estimated the economic value of ecosystem goods and 
services of Songkram river basin, using a market valuation method. The valuation 
focused only on DUV derived from harvesting products of the lower Songkhram 
river basin. The gross benefit was assessed at US$ 705.80 per household per 
annum. Despite this valuation method measured via net revenue, this study 
focused only on a single ecosystem. 
Although there are several previous economic valuation studies for 
Thailand, each study has its own particular limitations. Almost all studies lacked 
an assessment of indirect use value such as flood control, groundwater recharge, 
sediment retention, nutrient retention, storm protection, water quality 
improvement, and micro-climate stabilization. These are all highly important to 
ecosystem service values. From a resource management point of view, it is 
necessary to estimate values for these functions. Moreover, some studies were 
obtained using methods that did not calculate economic surplus or lacked a 
foundation in standard economic theory. 
One aim of this thesis is to extend the previous research on economic 
valuation of Thai environmental resources in two ways. Firstly, the thesis will 
attempt to estimate the economic value of wetland ecosystem services of the Bung 
Khong Long wetland by employing economic valuation methods. Second, the 
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thesis will employ meta-regression analysis to estimate the value of the ecosystem 
services of the Bung Khong Long wetland. Estimates from these alternative 
approaches will be compared. 
 
2.4  Prior valuing of ecosystem services and wetlands in 
developing countries 
Valuing ecosystem services is important for making informed investment 
decisions (MJA, 2012). Efforts at valuing ecosystem services date back to the 
mid-1960s and early 1970s (e.g., King, 1966; Helliwell, 1969; Hueting, 1970; 
Odum and Odum, 1972). Much progress has been made towards the valuation of 
ecosystem services through the work of Daily (1997), Constanza et al. (1997), 
Howarth and Farber (2002), Turner et al. (2000), de Groot et al. (2002), and 
Millennium Ecosystem Assessment (2003). The value of ecosystem services can 
be estimated by both economic valuation and benefit transfer approaches.  
 
Economic valuation of wetlands in developing countries 
Economic valuation of wetlands has steadily increased since the publication of the 
first wetland valuation study by Hammack and Brown in 1974 (Ghemandi et al., 
2008). To date there are a large number of wetland valuation studies (Moeltner et 
al., 2007). However, most studies in developing countries focus on the valuation 
of a single ecosystem service (Bockstael, et al., 2000; Silva and Pagiola, 2003; 
Turner et al., 2003; Emerton and Bos, 2005;Korsgaard and Schou, 2010). Also, 
most studies focus on food production, with a few studies focussing on cultural 
values. Various economic valuation methods are employed to estimate wetland 
values in developing countries, but the market price based approach is still the 
most widespread method used, especially market price valuation method 
(Korsgaard and Schou, 2010). The application of hedonic pricing to value aquatic 
ecosystems is limited, as it is technically difficult and has high data requirement 
(Haines-Young and Potschin, 2009). The following review revolves around the 
economic valuation of wetland studies grouped by valuation method: market 
price-based-approach (e.g., market price valuation method, replacement cost, 
avoided damage cost, opportunity cost, and production function), revealed 
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preference (e.g., travel cost method, hedonic pricing), stated preference 
(contingent valuation method and choice experiment) and mixed approach 
(combination of two or more approaches). 
 
(i) Market price based approaches  
Though numerous studies have applied in the market price based approach to 
estimate wetland values in developing countries, this review will focus on five 
studies. 
Emerton et al. (1998) assessed the ecological service value of food 
production, raw materials, and water treatment of the Nakivubo urban wetlands of 
Uganda, using various valuation methods. The study valued food production at 
US$ 138 per ha per annum, raw materials at US$ 32 per ha per annum, and water 
treatment at between US$ 1,323 per ha per annum and US$ 2,457 per ha per 
annum. Although this study used a reliable method for estimating crop cultivation 
via the value-added generated by irrigated crops over dry-land cultivation, fishing 
value was calculated by total revenue which can lead to over-estimate producer 
surplus (Woodward and Wui, 2001). Water treatment service was estimated by 
the replacement cost which is often criticized as not being a valid approach to 
assess benefits and should be excluded from estimating aquatic ecosystem 
services (the National Research Council, 2005).   
Acharya and Barbier (2000) used the production function valuation 
method to value groundwater use in irrigated agriculture of the Hadejia-Nguru 
wetland in northern Nigeria.  The results revealed that irrigated agricultural value 
from the shallow groundwater aquifer was approximately US$ 413 per hectare per 
annum. The welfare estimates for a change in the groundwater level were US$ 
4,360 per annum. This study applied a valuation method grounded in standard 
economic theory (Woodward and Wui, 2001), but the author focused on a single 
wetland ecosystem service.  
Emerton and Kekulandala (2003) assessed the economic value associated 
with the conservation and sustainable use of the Multhurajawela Wetland 
Sanctuary, Sri Lanka. Indirect use had higher values than direct use. Disturbance 
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regulation service had the highest value of about US$ 1,559.64 per ha per annum 
and waste treatment was the second highest value of about US$ 535.28 per ha per 
annum. On the other hand, direct use value from agriculture production was US$ 
117.41 per ha per annum and from raw material was US$ 5.57 per ha per annum. 
However, using replacement cost and avoided damage cost to estimate indirect 
use value has limitations, as it assumes that these costs match the original 
benefits, but this match may not be precise leading to biased estimates (de Groot 
et al., 2006).  
The WWF Lao Program (2004) estimated both direct use value and 
indirect use value of Luang Mash, Laos. Direct use value focused on food 
production using market price valuation method, while indirect use value focused 
on flood control and water quality improvement through avoided damage cost and 
replacement cost, respectively. This study found that food production was 
assessed at US$ 965.10 per ha per annum, while flood control was about US$ 
1.35 per ha per annum and water quality improvement was US$ 33.31 per ha per 
annum. Although, it deemed that applying avoided damage cost (based on The 
Japan International Cooperation Agency (JICA)’s survey “Existing Road and 
Drainage Condition in Vientiane (2002)”) and replacement cost (based on The 
Asian Development Bank (ADB)’s survey “Sanitation Draining and Wastewater 
Management 2001”) related to ecosystem quality of Luang marsh to estimate 
indirect use of Luang marsh, using a market pricevaluation method to estimate 
food production via total revenue led to an overvalue of producer surplus  
(Woodward and Wui, 2001).  
Zheng et al. (2008) applied scientific data with replacement to estimate soil 
conservation, water conservation, and nutrient cycling as well as flood storage. 
They also used avoided damage cost assessed through CO2 absorption and O2 
release via photosynthesis13. Their findings show that the ecosystem service value 
of the Lugu Lake watershed, China was US$ 2,590 per ha per annum. 
Nevertheless, it is likely that estimating both CO2 absorption and O2 release value 
generates a double counting problem because in the photosynthesis process, there 
is an exchange between CO2 and O2.  

13 2H2O + 2 CO2 + Protons   2 C6H12O6 + 2O2 
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(ii) Revealed preference approaches (Travel cost method, Hedonic Pricing) 
Revealed preference approaches exploit the relationship between individual 
behaviour (such as visiting a wetland) and environmental attributes of the 
wetland, to assess the value (EPA and SAB, 2009). These approaches include
ravel cost method (TCM) and hedonic pricing (HP). 
Travel cost method (TCM)  
TCM was initially suggested by Hotelling (1949), with the first valid recreation 
valuation developed by Clawson (1959).  Several studies have applied TCM to 
valuing assets and activities of national parks, such as reservoirs and sport fishing 
(Gartner and Lime, 2000). TCM is frequently applied in estimating the recreation 
value of environmental sites, particularly important in the coastal zone or coastal 
and marine environment (ENCORA, 2008). Graves et al. (2009) reported that 
TCM was used to estimate the recreation value of wetlands in roughly 8% or (55 
of 717 papers). Recently, there have been 33 studies employing TCM to estimate 
recreation service value of wetlands in developing countries. Most studies focus 
on the recreation value of coral reefs (e.g., Nam and Son, 2004; Ahemed et al., 
2006; Van Buekering, 2007; Ried-Grant and Bhat, 2009), followed by the 
recreation value of beaches (e.g., Chen et al., 2003; ICEM, 2002; NDE, 2011), 
and recreation value of lakes (e.g., Gurluk and Rehber, 2008; Dehlavi and Adil, 
2011). This review will focus on the studies by Sherestha et al. (2002),Gurluk 
and Rehber (2008), and Dehlavi and Adil (2011). 
 Sherestha et al. (2002) applied TCM to estimate the value of recreational 
fishing in the Brazilian Pantanal. A random sample of 286 visitors was 
interviewed in 1994. Non-linear and truncated models were employed to analyse 
survey data. The results showed that the compensated surplus estimates ranged 
from US$ 540.54 per trip to US$ 869.57 per trip. The total annual social welfare 
oscillated from US$ 35,059,424 to US$ 56,403,310 or the average social benefit 
ranged from US$ 2.54 per ha per annum to US$ 4.08per ha per annum. 
 Gurluk and Rehber (2008) employed TCM to value recreational bird 
watching in the Kusceneti National Park (KNP) at Lake Manyas, Turkey. A total 
of 300 randomly selected tourists of KNP were interviewed in 2004 but the net 
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sample size was 228 due to refusals and some incomplete surveys.The results 
revealed that compensated surplus was about US$ 82 per visit. The total annual 
benefit was US$ 103,320,074 and the average benefit was US$ 1,614,376 per ha 
per annum. 
 Dehlavi and Adil (2011) applied TCM to value recreational use of 
Keenjhar Lake, Pakistan. A random sample of 741 visitors was interviewed in 
2009. The results suggested that the compensated surplus estimates were 
approximately US$ 116 per visit. The total annual social welfare was about US$ 
42,200,000 and the average benefit was US$ 3,313 per ha per annum. 
 
Hedonic Pricing (HP) 
The hedonic pricing method pioneered by Griliches (1971) and developed by 
Rosen (1974) has been applied for valuing water related house characteristics both 
in developed and developing countries (Yusuf and Koundouri, 2005).  However, 
applications of HP to estimate ecosystem service values of wetlands in developing 
countries are rare. To date, only two studies have applied HP to value wetland 
ecosystem services in developing countries.  
North and Griffin (1993) applied HP to estimate willingness to pay (WTP) for 
water in Bicol region, Philippines. The data for analysis were drawn from a 
random sample of 1,903 households in 1978. The results revealed a WTP of 
approximately US$ 22.44 per household per annum for the supply of drinking 
water 
 Povilanskas et al. (1998) report a HP application to estimate the value of the 
coastal region in Curonian Spit, Lithuania. A random survey of 1,683 households 
was conducted in 1997. The results showed that the total value of the nature of 
Curonian Spit was US$ 2,290,000 per annum. 
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(iii) Stated preference approaches  
The stated preference approach originated from marketing research in the 1960s 
(Kroes and Sheldon, 1988). It was first applied in economics by Davis (1963) who 
used the contingent valuation method (CVM) to estimate the outdoor recreation 
value of the Maine Wood, USA (Carson and Hanemann, 2005). Since 1978, the 
stated preference method has become extensively used (Kroes and Sheldon, 
1988). Reviews of the literature on wetland valuation worldwide reveals that 
CVM was the most commonly used (roughly 44% or 316 of 717 papers) and 
choice experiments (CE) was applied to estimate ecosystem service value of 
wetlands by about 1.8 percent or 13 out of 717 papers (Graves et al., 2009). 
However, recently, CE has become of growing interest to estimate value of 
aquatic ecosystems (Hoyos, 2010). This method was developed to try to address 
some limitations of traditional valuation methods (Hanley et al., 1998). To date, 
CVM has been applied in 108 wetland valuation studies and CE has been 
employed for 26 wetland valuation studies in developing countries14. However, 
this review will focus on two CVM studies and three CE studies. 
Contingent valuation method (CVM) 
In developing countries, CVM is mostly applied to estimate biodiversity-habitat 
value (e.g., Hadker et al., 1997; Ruitenbeek and Cartier, 1999; Spalash, 2000; 
Othman, 2000; Alam, 2006; Sherestha et al., 2007; Adams et al., 2008;Azmi et 
al., 2009 and  Yan et al., 2010) followed by recreation value of wetlands (e.g., 
Walpole et al., 2001; Mathieu et al., 2003; Oumou et al., 2006; Yoe, 2005; 
Edward, 2009; Yacob et al., 2009; Dehghani et al., 2010; and Ezebilo et al., 
2010), and water treatment (e.g., Day and Mourato, 1998; Tapvong and Kruavan, 
2003;Imandoust  2008 and Wang et al., 2011), respectively. However, this thesis 
focuses on the CVM studies of Oumou et al. (2006) andAzmi et al. (2009)   
Oumou et al. (2006) employed CVM to estimate the ecotourism value of the 
Djoudj National Bird Park (DNBP) in Senegal. The survey was administered 
using face-to face interviews during the end of the tourist season. Foreign tourists 

14 The meta-dataset used in this thesis will be discussed Chapter 6. 
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were asked for their WTP for improving the quality of services providing in the 
park. The findings indicated that the price of visitor admission to the DNBP could 
be increased by approximately US$ 10.66 per person per annum (based on closed-
end-question), the total revenue of the park in 2002 would be US$ 126,474 per 
annum or US$ 8 per ha per annum. While in open-end-question, the price could 
be increased to about US$ 19.26 per person per annum, the total revenue of the 
park in 2002 would be US$ 228,393 per annum or average value was about US$ 
14 per ha per annum. 
Azmi et al. (2006) applied CVM to estimate the existence value of Pahang 
peat swamp forest, Malaysia, via a household survey carried out in 2003. The 
survey was conducted using face-to-face interviews: 433 respondents of Kuantan 
were asked for their hypothetical WTP via a trust fund to support the conservation 
program. The results showed that mean WTP was about 11.50 MYR (US$ 3.34)  
per household per annum or the total annual existence value of Pahang peat 
swamp forest amounted US$ 3,712,000 or average value was by about  US$ 8.56 
per ha per annum. 
 
Choice experiment (CE) 
Although CE can be applied to estimate the value of more than one ecosystem 
service, most studies focus on biodiversity-habitat, water treatment, and 
recreation. Twenty six of CE studies of wetland valuation in developing countries 
exist. This thesis reviews the CE literature of Selassie (2006), Do and Bennett 
(2007) and Birol et al. (2010).  
Selassie (2006) applied CE to estimate the value of Awassa Lake, Ethiopia. 
The attributes included in the CE design were Tilapia abundance/stock and 
lakeside afforestation/surrounding forest (vegetation) cover. The cost attribute 
was a monthly payment for a fishing permit. The survey was conducted by face-
to-face interviews. Fishermen were randomly selected and asked to choose their 
preference for ecosystem improvement alternatives. Each respondent answered 
twelve choice sets. A Multinomial logit (MNL) model was used to analyse the CE 
survey data. The results revealed that a marginal willingness to pay (MWTP) for 
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Tilapia fish stock improvement of 106 Birr (US$ 4.24) per person per annum. The 
MWTP for improvement in the surrounding forest cover was statistically 
insignificant. The compensated surplus estimates for ecosystem improvement was  
US$ 12.59 per person per annum or total benefit was US$ 355,410 per annum or 
average value was approximately US$ 39 per ha per annum. 
Do and Bennett (2007) applied CE to estimate the biodiversity value of Tram 
Chim National Park of Vietnam. This study used both the Multinomial Logit 
(MNL) and the Random Parameter Logit (RPL) models to analyse CE survey 
data. The survey was administered to a stratified sample of 900 households in Cao 
Lanh, Ho Chi Min City and Hanoi. The attributes included in the CE design where 
the percentage of the area having healthy vegetation, the number of Sarus cranes, 
the number of fish species and the number of worse-off local households. The 
payment method was the electricity bill. The results suggested that both the MNL 
and RPL models produced similar results in terms of coefficient magnitude, signs 
and statistical significance levels. However, the results from the RPL model 
showed that respondents had heterogeneous preferences over the vegetation and 
bird attributes. Each respondent had an annual WTP of US$ 0.06 for a one percent 
increase in healthy vegetation and US$ 0.06 for an additional ten Sarus crane. The 
compensated surplus estimate for biodiversity improvement was US$ 2.5 per 
household per annum or total benefit was US$ 3.9 million per annum or average 
value was approximately US$ 433 per ha per annum. 
Birol et al. (2010) used CE to estimate local public WTP for improvements in 
wastewater treatment in Chandernagore Municipality in the banks of the River 
Ganga, India. Three attributes (quality of treated wastewater, quantity of treated 
wastewater and regeneration of the park) were included in the CE design with 
each attribute having two levels. The cost attributes, a monthly increase in the 
municipal tax, had four levels.  The survey was conducted by face-to-face 
interviews. A random sample of 100 households was interviewed. CE data were 
analysed by the Conditional Logit Model (CML). The results showed that each 
household had an annual WTP of approximately US$ 2.22 for high water quality 
discharged to the rivers, and US$ 1.14 for the quantity of wastewater treated. 
However, households derived negative value from investment in the regeneration 
of the Park. The compensated surplus estimates for wastewater improvement was  
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US$ 3.36 per household per annum or total benefit was US$ 110,604 per annum 
or average value was approximately US$ 58 per ha per annum. 
(iv) Combined approaches 
Generally, wetlands provide multiple ecosystem services depending on physical, 
ecological, biochemical and biological characteristics (MJA, 2012). Using only 
one valuation method may fail to fully account for the total economic value of 
wetland ecosystems. Various valuation methods can be used to estimate wetland 
values in order to capture the total economic value of ecosystems. In economic 
valuation wetland studies in developing countries some authors combine TCM 
and CVM to estimate wetland values (e.g.,Navrud and Mungatana, 1994;Mercer 
et al., 1995;Mahana et al., 2000; Yaping, 2003; and Carvalho, 2007). Some 
studies combine CVM and market based approaches to value wetlands (e.g., 
Naylor and Drew, 1998; Bann, 1999; Verma, 2001; Cesar, 2003; Hargreaves-
Allen, 2004; Gunawarda and Rowan, 2005; Kumar  et al., 2006; Han et al., 2008; 
Yang et al., 2008; Alam and Marinova, 2010; Cruz-Trinidad et al., 2011). Some 
studies use TCM and market based approaches to value wetlands (e.g., University 
of the West Indies, 2001; Zhu et al., 2010 and O’Garra, 2011). Some studies 
employ CVM, TCM and market based approaches (e.g.,Munasinghe 1993ǢNam 
et al., 2005; Shahwahid, 2001 and Su and Zhang, 2007). Some studies apply CE 
with market based approaches (e.g., Do, 2007; van Buekering, 2007; and 
Foreindus, 2010). This review will focus on five studies.  
     Verma (2001) estimated the economic value of Bhoj constructed wetlands 
using various valuation techniques. Direct use value was calculated by a 
production function in terms of food production and water supply, while the 
recreation value was measured by CVM. On the one hand, indirect use values 
focused on water quality improvement approximated by the cost of illness 
approach. The study found that water supply had the highest value of about US$ 
798.44 per ha per annum and recreation value had the second highest value of 
about US$ 405.36 per ha per annum. Water treatment was estimated at US$ 
115.40 per ha per annum. Even though the study tried to carry out an estimate for 
both direct use value and indirect use value, this study did not include non-use 
value. 
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 Do (2007) employed CE and production function to value the impacts of 
dykes on wetland values of Tram Chim National Park, Vietnam. Production 
function data were derived from a random sample of 265 farms from Dong Thap, 
Long  An  and Tien Giang province in 2006 to estimate the impact of dykes on 
rice production. CE data were drawn from a stratified sample of 900 households 
in Cao Lanh, Ho Chi Min City and Hanoi in 2006 to estimate biodiversity 
improvement. The results suggested that dyke conversion led to reduce rice 
production of roughly 1,500 tonnes per annum, representing a loss of local farmer 
income of about US$ 91,875 per annum together with compensation paid by 
government for changing farmer livelihood. The total cost of the proposed five-
year-program was US$ 3.4 million per annum. Annual aggregate WTP for 
biodiversity improvement ranged from US$ 3.94 million to US$ 5 million, 
indicating that dyke conversion could generate a net social benefit. This study 
used economic valuation methods grounded on strong economic theory to capture 
both producer surplus (production function) and consumer surplus (CE). 
However, by necessity, the author had to rely on data collected from different 
samples.  
Yang et al. (2008) estimated the value of wetland ecosystems of Hangzhou 
constructed wetland by using both CVM and the replacement cost. The ecosystem 
service value of Hangzhou was estimated at 1,826.48 US$ per ha per annum 
calculated by CVM and 1,494 US$ per ha per annum measured by replacement 
cost. However, indirect use value was not included in the estimation, potentially 
leading to an underestimate of values of ecosystem services.  
Ndung (2009) estimated the ecosystem service values of the Shompole 
wetland, Kenya. This study focused on indirect use value and non-use value. The 
indirect use value was assessed by replacement cost, while non-use value was 
calculated by CVM and TCM. The results indicated that indirect use value of 
water quality improvement was about US$ 147,121.52 per ha per annum, the 
flood control value was amount US$ 697.76 per ha per annum and nutrients 
recycling value was US$ 34.09 per ha per annum. Non-use value of biodiversity 
value was estimated at US$ 79.17 per ha per annum. Despite attempting to 
estimate use value and non-use value, water quality improvement might be 
overestimated. This is because this study chose the replacement cost method and 
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applied the high rate cost of water purification from the Nairobi city council, 
which is rate for water treatment in urban areas while Shomploe wetland is 
located in a rural area.  
Zhu et al. (2010) estimated the total economic value of ecosystems of the 
Yeyahu wetland Nature Reserve, Beijing, China with various economic valuation 
methods. The authors applied a carbon tax for estimating gas regulation, 
replacement cost for valuing water treatment, market price valuation method for 
assessing water supply, food production, raw materials and biodiversity 
maintenance, avoided damage cost  for valuing erosion control, TCM for valuing 
recreation value and CVM for estimating cultural value. The results suggested that 
the total economic value of the Yeyahu wetland Nature Reserve was US$ 
51,022,725 per annum or the average value was US$ 7,395 per ha per annum. 
Although this study attempted to estimate the total economic value of ecosystems, 
using the market price valuation method to estimate biodiversity maintenance was 
questionable because of the absence of trading in the market for this value.  
This brief review of economic valuation studies in developing countries 
shows that there is a wide range of studies conducted in the field. Most studies 
focused on a single ecosystem service value of wetlands. This may be not capable 
of supporting multi-objective approaches, as needed for ecosystem management 
(Spangenberg and Seattle, 2010), or in the other words this may lead decision- 
makers to overlook some wetland ecosystem values which may in turn result in an 
inefficient wetland management (Ghermandi et al., 2009).  
Several studies have some limitations when applying market based 
approaches to estimate ecosystem service values of wetlands: (i) using market 
price valuation method to estimate food production and raw materials via total 
revenue, (ii) applying replacement cost and avoided damage cost unrelated with 
ecological conditions of wetlands to value water treatment and flood control. Also 
some studies generate a double counting problem, especially valuing gas 
regulation. These issues can lead to overestimates of values of wetland 
ecosystems. In addition, most coastal wetland valuation studies did not address 
the incorporated ecological linkage among three coastal ecosystems (mangrove, 
sea-grass beds and coral reef ecosystems). 
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2.5  Prior research on meta-analysis benefit transfer of wetland 
valuation studies  

Researchers have sought ways of extracting information from the growing pool of 
primary studies. The leading method for doing so is meta-analysis, with a focus 
on benefit transfer. Though benefit transfer applications in economics commenced 
as early as the 1980s, it was not until the early 1990s that economists started to 
formalize procedures and protocols (Freeman, 2003). This method has been 
extensively employed for the last decade to estimate environmental values (Abou-
Ali and Belhaj, 2005; Lindhjem and Navrud, 2008; Figueroa and Pasten, 2011). 
Constanza et al. (1997) contributed significant insights to analysis of the values of 
ecosystem services and natural capital by grouping into 17 ecosystem services for 
16 biomes and using benefit transfer to estimate the world’s ecosystem service 
values (Yu et al., 2004; Figueroa and Pasten, 2011).  This study has stimulated 
benefit transfer research in valuing ecosystem services (e.g., Zhao et al. 2005; 
Zhao et al. 2004; Zong-Ming et al. 2005). However, it was heavily criticized 
about the accuracy of the transferred values, because ecosystem service mapping 
employed a single characteristic to match study and policy sites. In its calculation, 
no distinctions were made between economic values of wetlands in different 
geographic locations, values of different wetland types or values of wetland goods 
and services (Schuyt and Brander, 2004; Plummer, 2009).15 This led researchers 
to explore alternative approaches to derive parameter estimations for function 
transfer, like the application of meta-analysis regression model (MRA) (Moeltner 
et al., 2007).   
Meta-analysis was first applied in medicine by Pearson (1904). It has 
grown rapidly in several areas such as education, marketing and the social 
sciences (Vista, 2010). According to Nelson and Kennedy (2009), meta-regression 
analysis applications in economics were initiated by Stanley and Jarrell (1989) 
and Walsh et al. (1989). Since the 1990s, MRA has gained attention in economic 

15 The other major limitation of this study and this type of approach is that the marginal value may 
be more important to decision-makers than the total value. 
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research, particularly in environmental and resource economics (Brouwer et al., 
1997; Woodward and Wui, 2001). Johnston and Rosenberger (2010: 482) note: 
Also notable is the development of strong structural utility theoretic or preference 
calibration approaches to function transfer (Smith et al., 2002, 2006; Pattanayak et al., 
2007), as well as approaches that capitalize on Bayesian methods including updating 
model averaging (Ben-Akiva, 1981; Leon et al., 2002; Moeltner et al., 2007; Leon-
Gonzalez and Scarpa, 2008; Moeltner and Rosenberger, 2008).  
 
To date thirteen wetland valuation meta-analyses exist: Brouwer et al. (1997), 
Woodward and Wui (2001), Brander et al. (2006), Borisova-Kidder (2006), 
Enjolras and Biosson (2007), Ghermandi et al. (2007), Brander et al. (2007), Liu 
and Stern (2008), Ghermandi et al. (2009), Brouwer (2009), Chen (2010), Salem 
and Mercer (2012), and Brander et al. (2012). These studies are listed in Table 
2.1. 
Brouwer et al. (1997) examined 30 wetland valuation studies with 92 
observations. This study used a Generalized Least Squares (GLS) approach to 
estimate the MRA. The dependent variable was WTP per household per year at 
constant price 1995 SDR (Special Drawing Rights), while independent variables 
contained wetland characteristics, survey design characteristics and regions. The 
authors found that indirect use value like flood control, water generation, and 
water quality attributes had a stronger influence over WTP than non-use values 
such as biodiversity functions. However, this study restricted its sample to only 
CVM studies of temperate climate zone wetlands, mainly in the United States. 
Woodward and Wui (2001) attempted to broaden the analysis of factors 
that determined wetland values to include factors such as wetland functions, study 
quality, wetland size and valuation techniques. The dependent variable was the 
natural logarithm of wetland value per acre per year at constant price 1990 US 
dollar. This study employed OLS to estimate the MRA. The resulting data set 
comprised of 65 observations from 39 studies. The results revealed that most 
wetland service variables were not statistically significant except for bird-
watching, bird-hunting, and amenities. The coefficients on hedonic pricing  and 
replacement cost were statistically significant with a positive sign. Wetland size 
had a negative and statistically significant coefficient, which they interpret as 
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indicating decreasing returns to scale: an expansion in the size of a large wetland 
increases values less than an expansion in the size of a small wetland. One 
limitation with Woodward and Wui’s study is that it is confined to valuation 
studies of North American and European wetlands and it uses a narrower 
definition of wetlands than Brouwer et al. (1997). 
The meta-analysis reported by Brander et al. (2006) embraced studies 
from both temperate and tropical wetlands, for all wetland types and for broader 
wetland functions and economic valuation techniques. Furthermore, this study 
included socioeconomic and geographic characteristic variables. Their dataset 
contained 215 observations from 80 studies. The dependent variable was thenatural 
logarithm of wetland value per hectare per year at constant price 1995 US dollar. 
This study applied OLS to estimate the MRA. The authors also assessed the 
prospects for applying this analysis for out-of-sample value transfer. Their results 
indicated that urban wetlands had higher values than rural wetlands, whereas 
woodland wetlands had a higher value than other types of wetlands. Wetland size 
has a statistically significant negative association with wetland values. However, 
most wetland services were statistically insignificant. CVM produced higher 
wetland values than other valuation methods. The coefficients on GDP per capita 
and population density were statistically positive and significant. Wetlands 
designated as a Ramsar site had significantly lower values than others. This study 
contributed to the assessment and explanation of wetland values for MRA. 
Nevertheless, despite adopting wetland valuation studies from a wide 
geographical scope, the distribution of primary studies was mostly drawn from 
North America (Ghermandi et al., 2007). 
Borisova-Kidder (2006) built upon previous meta-studies by considering 
72 observations from 33 studies. The dependent variable was the natural 
logarithm of wetland value per acre per year at constant price 2003 US dollar. 
This study also applied OLS to estimate the MRA. Amenity and bird-hunting had 
negative and statistically significant coefficients, while birdwatching and water 
quality had positive coefficients. The coefficient on an energy analysis method 
had a positive sign, while CVM had a statistically significant negative coefficient. 
This study included more explanatory (MRA moderator) variables, but focused 
only on wetlands in the United States. 
A review of the literature and methods
39 

Enjolras and Biosson (2007) assembled a dataset of 67 value observations 
from 32 lagoon studies. The dependent variable was the natural logarithm of 
wetland value per acre per year at constant price 2005 US dollar. They used GLS 
to estimate their model. This study estimated a meta-function that considered the 
lagoon characteristics, study characteristic, lagoon services and lagoon threats. In 
addition, this study assessed the prospect for using this analysis for out-of-sample 
value transfer. The findings suggested that most variables were statistically 
significant, especially study characteristics. The coefficient on published studies 
was statistically negative, while the coefficient on a good quality of studies was 
positive and significant. Lagoon characteristics presented similar results to 
previous studies. For example, the coefficient on wetland size was negative and 
significant. This study was limited to lagoon wetlands located only in USA, Italy, 
France, Mexico, and Australia.  
Ghermandi et al. (2007) constructed a data set of 353 observations from 
155 studies. They included wetland sites worldwide, particularly newer studies for 
Africa, Asia, and Europe. This study was the first to include constructed wetlands 
and also to consider the degree of human pressure on wetlands in the meta-
analysis. The dependent variable was the natural logarithm of wetland value per 
hectare per year at constant price 2003 US dollar. This study applied a multi-level 
modelling (MLM) approach to estimate the MRA. The study found that palustrine 
wetlands had a lower value than other wetland types. Wetlands providing services 
for water quality improvement and amenity had higher values. The coefficients on 
GDP per capita and population density were positive and statistically significant, 
while wetland size had a statistically significant negative sign. This later finding is 
consistent with the findings of Woodward and Wui (2001), Brander et al. (2003), 
Borisova-Kidder (2006), and Enjolras and Biosson (2007). Chapter 6 reports 
similar findings for the MRA of wetlands of developing countries. 
Brander et al. (2007) examined 52 coral reef valuation studies from 
Australia, Southeast Asia, East Africa, USA, and the Caribbean. Focusing on the 
value of recreation, the dependent variable was US$ per visit per year at constant 
price 2000. This study also used a MLM approach to estimate the MRA. The 
results revealed that the large area of dive sites had a higher value per visit than a 
smaller area. Coral reef sites having fewer fellow visitor sites had a higher 
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recreation value than those with more visitors. Coral reefs in East Africa had a 
higher recreation value than other sites. CVM produced lower recreation values 
than other methods. In addition, this study estimated the prospects for applying 
this analysis to out-of-sample and found the mean absolute percentage error 
(MAPE) of 186% which might be not good for providing benefit transfer of 
recreation for other coral reef sites.16  This study was also limited in that its 
sample was restricted to the recreation value of coral reefs.  
Liu and Stern (2008) examined the WTP for wetland services with 
explanatory variables in wetland service, methodology, and study quality. The 
data set comprised 120 observations from 39 CVM studies  and the MRA was 
estimated by OLS and Box-Cox transformation. The dependent variable was the 
annual household WTP at constant price 2006 US dollar. The results showed that 
wetland size has a statistically significant positive coefficient across all MRA 
models. Also the coefficient on income and population density was positive and 
significant across all MRA models. The coefficients on year of survey were 
negative and statistically significant. The study also applied meta-regression 
models to estimate the out-of-sample WTPs, finding MAPE ranging from 329% 
to 35,333% indicating that MRA was not so useful for benefit transfer 
applications. This study was restricted to CVM studies and focused only on 
coastal wetlands. 
Ghermandi et al. (2009) extended previous models with the addition of 
explanatory variables such as the presence of substitute sites and environmental 
pressure. The dataset contained 418 value observations from 170 valuation studies 
and 186 wetland sites, including both natural and constructed wetlands. The 
dependent variable was the natural logarithm of wetland value per hectare per 
year at constant price 2003 US dollar. This MRA was estimated by OLS. The 
results indicated that palustrine wetlands have the lowest value, while constructed 
wetlandshave the highest value. Wetlands providing water quality improvement 
had higher values than other services, whereas fuel wood had the lowest value. 
The coefficients on GDP per capita and population density were statistically 
positive and significant. The higher pressure by human activities affected on the 

16 MAPE denotes the Mean Absolute Percent Error. It is a widely used statistic for assessing 
benefit transfer. This is discussed extensively in Chapter 7 of this thesis. 
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higher wetland value. Choice experiments produced higher wetland values than 
other valuation methods. One limitation with this study is that it did not assess 
average transfer error in order to explore whether the MRA provided good benefit 
transfer for out-of-sample. 
Brouwer (2009) estimated WTP for wetlands with a dataset of 113 
observations from 11 studies using Tobit regression. The explanatory variables 
included wetland ecosystem service characteristics, study characteristics, and 
population characteristics. This study found that all variables were significantly 
correlated with wetland values. Respondents had higher WTP for water quality 
improvement. Lower WTP was found for healthy wetlands, native vegetation, 
native fish species, and water birds. Studies carried out before 2000, using a mail 
survey, and a payment vehicle of a local tax produced a higher WTP. Higher 
income earners had a higher WTP. The study also used a meta-regression model 
to perform benefit transfers. However, with a MAPE of 79%, the results suggest 
caution in applying benefit transfer to other wetland sites.  In addition, this study 
was confined to only choice experiment studies and wetland sites located in 
Australia as well as meta-datasets drawn from a few number of sample primary 
studies. 
Chen (2010) extracted meta-data sets from Borisova-Kidder (2006) and 
Brander et al. (2006) to improve econometric estimation of benefit transfer 
through three solutions. First, the author conducted an MRA model for US 
wetlands derived from Borisova-Kidder (2006) with 72 observations estimated by 
four proposed models designed to present different polling effects. The models 
were modified by dropping statistically insignificant explanatory variables to 
improve efficiency of benefit transfer estimates. The findings revealed that benefit 
transfer was improved by a decrease in MAPE from the full model (Model I of 
37.6%) to modify models (Model II of 36.73%, Model III of 38.82% and Model 
IV of 12.69). For four model estimations, the high income population had a higher 
WTP for protecting wetlands. Wetlands providing services for water quality 
improvement had a higher value than those providing other services. Second, to 
augment the previous solution, the author included meta-datasets of Brander et al. 
(2006) using a Bayesian model estimation. The results suggested that benefit 
transfer performance was improved by 5% in transfer errors. The last solution, the 
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author applied Bayesian model averaging (BMA) to mitigate the full model 
(Model I) in the first solution where more than 80% of explanatory variables were 
insignificant. The results suggested that the BMA approach not only provided 
better benefit transfer performance, but also narrowed down the 90% confidence 
interval by 70% in BT predictions from the full model. In addition, the coefficient 
estimations were close to those in the full model. Although, this study achieved 
benefit transfer with low average transfer errors, the number of observations was 
rather small particularly in Model IV of the first solution. 
Salem and Mercer (2012) examined 145 observations of 44 mangrove 
valuation studies from Asia, America, Middle-East and Africa, and other 
countries. The dependent variable was the natural logarithm of wetland value per 
hectare per year at constant price 2010 US dollar.This MRA was estimated by 
OLS and WLS. The results suggested that mangroves in the Middle-East and 
Africa had a higher value than those from Thailand. Mangroves providing 
services for biodiversity and habitat had a higher value than fisheries, while
mangroves providing services for coastal protection, and carbon sequestration had 
a lower value than fisheries. Mangroves producing international goods and 
services and mangroves designated as Ramsar sites had a higher value than other 
sites.  GDP per capita had a positive effect on mangrove value. Replacement cost 
and CVM produced higher mangrove value than other methods. The results also 
found that the average transfer errors of OLS and WLS in sample-site were 40% 
and 35%, indicating that this study provided reasonably precise benefit transfer. 
Though this study provided rich information on what factors determine a wetland 
value and good benefit transfer performance, it was restricted to only mangrove 
studies, mainly in Asia. 
  Finally, Brander et al. (2012) applied MRA with spatial data derived from 
GIS to transfer values for changes in the stock of ecosystems due to climate 
change on European wetlands for the period 2000 to 2050. GIS provides 
information about the ecosystem, wetland type, wetland abundance, and 
socioeconomic characteristics of each wetland site in the dataset. This study 
assumed that wetland abundance from 2000 to 2050 declines 8 percent. Meta-
datasets were taken from 222 observations from valuation studies for temperate 
climate zone wetlands. The dependent variable was the natural logarithm of 
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wetland value per hectare per year at constant price 2003 US dollar. The MRA 
was estimated using OLS. Wetland size had a statically significant negative 
coefficient. Palustrine wetlands had a lower value than other wetland types. 
Wetlands proving service for recreation had a lower value than those providing 
other services. GDP per capita and population size had positive effects on wetland 
value. The results from using MRA transfer functions combined with GIS to 
estimate value of 50,533 wetland sites in Europe owing to climate changes 
suggest that changes in the ecosystem service values of all wetland sites decreased 
due to reduction in wetland size and abundance. Although, this study enables 
improvement of transferred ecological service values to reflect variation in 
important spatial variables, it uses simple assumptions to describe the impacts of 
climate change on the extent and spatial distribution of wetlands which may not 
reflect real ecosystem changes. 
This overview of 13 wetland meta-analysis studies shows a wide range of 
econometric approaches are used, with more recent studies applying more 
advanced techniques. Important factors that determine wetland values are 
socioeconomic characteristics, wetland types, wetland size, wetland services and 
valuation methods. The findings are robust in revealing that smaller wetland sizes 
have higher ecosystem service value than larger wetlands.  As can be seen from 
Table 2.1, most of these meta-analyses have focused on average values. This is 
simply a matter of convenience. All estimates need to be converted into a 
common value measure. As prior authors have noted (e.g., Woodward and Wui, 
2001, Brander et al., 2006; Ghermandi et al., 2010) most primary studies report 
either the total value or the average value of wetlands. In the majority of cases it is 
not possible to convert estimates of total and average values into marginal values. 
However, armed with information on the relevant population, in many cases it is 
possible to convert willingness to pay per person into per hectare values. Where it 
is not possible to make this conversion, the authors assume that marginal values 
are equal to average values. Brander et al. (2006: 234) note that one advantage of 
using per hectare values is that: “in most cases it is more straightforward to 
transfer values to a given wetland area than to the relevant number of people that 
are willing to pay for wetland conservation.” 
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Prior meta-analyses have established that wetlands located in higher GDP 
per capita/income countries have a higher wetland value than those in poorer 
countries/communities. In addition wetlands located in high population density 
areas have higher value than those located in uncrowded areas. Each study used 
different classifications of wetland types, thus it is not entirely clear which 
wetland types produce higher ecosystem service values. Most wetland 
service/function variables are not statistically significant, but the results suggest 
that non-consumptive products tend to have higher values than consumptive 
goods/services. Ghermandi et al (2009) made the contribution of finding that 
higher human activity pressures have a positive effect on the higher value of 
wetlands and Salem and Mercer (2012) found that wetlands providing 
international goods have a higher value.  
The existing 13 meta-analysis studies provide useful information about the 
main factors determining wetland value. However, only six studies (Brander et al. 
(2006), Enjolras and Biosson (2007), Brander et al. (2007), Liu and Stern (2008), 
Brouwer (2009), Chen (2010), Salem and Mercer (2012)) reported MAPE to 
indicate whether the results from MRAs can be used for benefit transfer.  
In addition, none of these prior meta-studies extrapolate results to a new 
policy context and none focussed solely on developing countries. Therefore, this 
thesis will attempt to fill some of these gaps by using benefit transfer via meta-
analysis focusing purely on developing countries to estimate the ecosystem 
service values of a policy site, Bung Khong Long wetland and several other policy 
sites in Thailand. 
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Table 2.1: Comparison of results from wetland meta-analyses 
Variables Brouwer  
et al. 
(1999) 
 
 
Woodward  
& Wui 
(2001) 
 
 
Brander  
et al. 
(2006) 
 
 
Borisova- 
Kidde 
(2006) 
 
Emjolras  
& Boisson 
(2007) 
 
 
Ghermandi  
et al. 
(2007) 
 
Brander  
et al. 
(2007) 
Liu &  
Stern 
(2008) 
 
 
Ghermandi  
et al. 
(2008) 
 
 
Brouwer 
(2009) 
 
 
Chen 
(2010) 
Salem & 
Mercer 
(2012)   
Brander  
et al., 
(2012 
Dependent variable WTP per 
household
at 1995 
LnValue 
per Acre at 
1990 
LnValue  
Per 
hectare  
at 1995 
LnValue per 
Acre at 2003 
LnValue per 
Acre at 2005 
LnValue per 
hectare at 
2003 
WTP per 
visit at 
2000 
WTP per 
household 
at 2006 
LnValue 
per hectare 
at 2003 
WTP per  
household 
 at 2006 
LnValue 
per Acre 
at 2003 
LnValue 
per 
hectare at 
2010 
LnValue 
per Acre 
at 2003 
Number of studies & 
observations 
30 
92 
39 
65 
80 
202 
33 
72 
32 
67 
155 
353 
52 
166 
39 
120 
186 
418 
11 
108 
33/80 
72/120 
44 
145 
120 
222 
Estimator OLS/GLS OLS OLS OLS GLS MLM MLM Box-Cox 
/Log-Log    
 
OLS Tobit 
regression 
Bayesian OLS/ 
WLS 
OLS 
R2 n.a. .582 .55 .677 - .44 n.a .79 .49 n.a. n.a. n.a n.a 
R2-adj .37-.38 
 
n.a. .45 .522 .649 .39 n.a n.a .45 n.a. .592 .6-.7 .37 
F test n.a. 2.89*** 5.50*** 4.372** 10.860*** n.a. n.a n.a - n.a. n.a. 45.85*** n.a. 
MAPE - - 58% - 87% - 186% 239%-
35,333% 
- - 12.69%-
37.67% 
35%- 
54% 
- 
Socioeconomic 
-GDP per 
capita/income 
-Population density 
-Human activity 
pressure 
-Ramsar 
-Urban 
-Wetland area in 50km 
radian 
 
- 
 
- 
- 
 
- 
- 
- 
 
- 
 
- 
- 
 
- 
- 
- 
 
1.16** 
 
.47*** 
- 
 
-1.32* 
1.11* 
- 
 
 
 
.138*** 
 
- 
- 
 
- 
 
- 
 
- 
- 
 
- 
-1.979* 
- 
 
.571** 
 
- 
-.181  
 
- 
- 
0.449*** 
 
- 
 
- 
- 
 
- 
- 
- 
 
.42* 
 
.09* 
- 
 
- 
- 
- 
 
.295** 
 
- 
2.093*** 
 
1.130** 
- 
.399*** 
 
.078*** 
 
- 
- 
 
- 
- 
- 
 
 
.145* 
 
- 
- 
 
- 
- 
- 
 
.866*** 
 
- 
- 
 
.45*** 
- 
- 
 
 
.430*** 
 
- 
- 
 
- 
.503*** 
- 
Survey year  - .016 - .174*** .181*** - - -.05** -.054** .439** - - - 
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Wetland area 
-Area 
-Share 
-Wetland area before 
change 
 
Location 
-North America 
-South America 
-Europe 
-Asia 
-Africa 
-Australia 
 
Wetland type 
-Coastal wetlands 
-Mangrove 
-Fresh water 
-Saltwater 
-Woodland 
-Prairies 
-Estuarine 
-Marine 
-Riverine 
-Palustrine 
-Lacustrine 
-Constructed 
-Peatbog 
-Intertidal mudflat 
 
- 
- 
 
- 
 
 
.186*** 
- 
- 
- 
- 
- 
 
 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
 
-.286** 
- 
 
- 
 
 
- 
- 
- 
- 
- 
- 
 
 
-.117 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
 
-.11** 
- 
 
- 
 
 
- 
.23 
.84 
2.01 
3.51** 
1.75* 
 
 
- 
-.56 
-1.46* 
-.31 
.86* 
- 
- 
- 
- 
- 
- 
- 
- 
- 
 
-4.17E007 
-6.129* 
 
- 
 
 
- 
- 
- 
- 
- 
- 
 
 
- 
- 
.207 
2.350 
- 
-2.526** 
- 
- 
- 
- 
- 
- 
- 
- 
 
-.324*** 
- 
 
- 
 
 
- 
- 
- 
- 
- 
- 
 
 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
 
-.320*** 
- 
 
- 
 
 
- 
- 
- 
- 
- 
- 
 
 
- 
- 
- 
- 
- 
- 
.497 
.784** 
.732** 
-.178 
1.024** 
- 
- 
- 
 
.956*** 
- 
 
- 
 
 
- 
- 
- 
- 
1.457* 
- 
 
 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
 
.17*** 
- 
 
- 
 
 
- 
- 
- 
- 
- 
- 
 
 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
 
-.247*** 
- 
 
- 
 
 
- 
- 
- 
- 
- 
- 
 
 
- 
- 
- 
- 
- 
- 
.321 
.775** 
.360 
-.380 
.268 
1.167** 
- 
- 
 
- 
- 
 
- 
 
 
- 
- 
- 
- 
- 
- 
 
 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
 
-1.6E-7 
   -.4824 
 
- 
 
 
- 
- 
- 
- 
- 
- 
 
 
-2.969** 
- 
-1.653 
- 
- 
4.430*** 
- 
- 
- 
- 
- 
- 
- 
- 
 
-.077 
- 
 
- 
 
 
- 
-.581 
- 
-.883* 
1.043 
- 
 
 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
 
- 
- 
 
-.218*** 
 
 
- 
- 
- 
- 
- 
- 
 
 
- 
- 
-.211 
.073* 
- 
- 
- 
- 
- 
- 
- 
- 
-2.266*** 
-.239 
Ecosystem services 
- Food production 
- Raw Materials 
 -Recreation 
- Hunting 
- Fishing 
- Amenity 
- Bird- watch 
- Water supply 
- Water regulation 
-Water treatment 
- Flood control/storm 
protection 
- Carbon sequestration 
- Biodiversity 
- Habitat 
- Number of visitors 
- Snorkelling 
- International goods 
 
- 
- 
- 
- 
- 
- 
- 
- 
.691* 
.545* 
1.477*** 
 
- 
- 
- 
- 
- 
- 
 
- 
- 
 
-1.055** 
1.360 
-4.303 
1.804** 
-.452 
- 
.737 
.678 
 
- 
- 
.427 
- 
- 
- 
 
0.14 
-.83** 
- 
-1.10** 
.06 
.06 
-1.24** 
.95 
- 
.63 
.14 
 
- 
.06 
-.03 
- 
- 
- 
 
.926 
- 
.644 
.391 
.44 
-2.093* 
2.644*** 
1.292 
- 
- 
.277 
 
- 
- 
- 
- 
- 
- 
 
- 
- 
-1.02 
- 
- 
- 
- 
- 
- 
- 
2.065 
 
- 
- 
2.026** 
- 
- 
- 
 
.459 
-1.722*** 
.056 
-1.293*** 
.592 
1.038** 
- 
-.039 
- 
.879* 
-.084 
 
- 
.699 
- 
- 
- 
- 
 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
 
- 
- 
- 
-.225* 
-.820*** 
- 
 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
 
- 
- 
- 
- 
- 
- 
 
.301 
-1.031** 
.371 
-.905*** 
.528 
.0033 
- 
-.037 
- 
.677* 
.432 
 
- 
.58 
.58 
- 
- 
- 
 
- 
- 
- 
- 
- 
-1.401** 
- 
- 
.939* 
- 
- 
 
- 
-1.222*** 
-1.943*** 
- 
 
.596 
- 
- 
-.792 
-.335 
0.852 
.-792 
0.821 
- 
1.106 
.195 
 
- 
- 
- 
- 
- 
- 
 
- 
-.456 
-.263 
- 
- 
- 
- 
- 
- 
3.027** 
2.059** 
 
1.345** 
5.809** 
5.809** 
- 
- 
.674* 
 
.042 
-.959 
.218 
-1.355*** 
-.119 
.432 
- 
-.106 
- 
.514 
.626 
 
- 
1.211** 
1.211**- 
- 
- 
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Study Quality &  
Valuation method 
-Published 
-Reliable study 
-Response rate >50% 
-CVM 
-HP 
-RC 
-TCM 
-NFI 
-Market price 
-Opportunity cost 
-PS 
-Energy Analysis 
-Production function 
-CE 
-Comprehensive 
- Statistic production 
function 
-Dynamic production 
function 
 
 
- 
- 
-1.461** 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
 
- 
 
 
-.154 
-1.045 
- 
- 
5.043** 
2.232** 
-.341 
.273 
- 
- 
-3.140** 
- 
- 
- 
- 
- 
 
- 
 
 
- 
- 
- 
1.49** 
-.71 
.63 
.01 
.19 
-.04 
-.03 
- 
- 
-1.00 
- 
- 
- 
 
- 
 
 
1.769* 
- 
- 
-2.502*** 
2.127 
- 
-.829 
.472 
- 
- 
- 
5.196*** 
- 
- 
- 
- 
 
- 
 
 
-1.953* 
1.650* 
- 
.449 
- 
- 
- 
- 
- 
- 
-4.343*** 
- 
- 
- 
- 
- 
 
- 
 
 
- 
- 
- 
-.255 
-2.176* 
-.326 
-.834 
-.245 
-.178 
-1.196 
- 
- 
-.370 
.186 
1.569*** 
- 
 
- 
 
 
- 
- 
- 
- 
- 
- 
1.831*** 
1.778** 
- 
- 
- 
- 
3.357*** 
- 
- 
- 
 
- 
 
 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
 
- 
 
 
- 
- 
- 
-.043 
-1.342 
-.472 
-.633 
-.411 
-.632 
-1.231 
- 
- 
-.902 
1.188 
- 
- 
 
- 
 
 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
 
- 
 
 
-.209 
- 
- 
-.242 
.213 
- 
-.274 
- 
- 
- 
- 
5.985*** 
- 
- 
- 
- 
 
- 
 
 
- 
- 
- 
-2.421 
- 
-.791 
- 
-.618* 
- 
- 
- 
 
- 
- 
- 
-.437 
 
1.148* 
 
 
- 
- 
- 
.317 
-2.328** 
.383 
-.705 
- 
-.215 
-1.164 
- 
- 
-.091 
-.524 
- 
- 
 
- 
Survey Method 
-Interview 
-Mail 
-Telephone 
 
- 
- 
- 
 
- 
- 
- 
 
- 
- 
- 
 
- 
- 
- 
 
- 
- 
- 
 
- 
- 
- 
 
- 
- 
- 
 
-.43** 
- 
- 
 
- 
- 
- 
 
 
- 
2.624*** 
- 
 
- 
- 
- 
 
- 
- 
- 
 
- 
- 
- 
 
 
Payment Vehicles 
-Income Tax 
-Private market 
-Trip Expend 
-Product price 
-Water rate 
-Sale Tax 
-Lump sum  
 
1.880** 
- 
- 
- 
- 
- 
- 
 
- 
- 
- 
- 
- 
- 
- 
 
- 
- 
- 
- 
- 
- 
- 
 
- 
- 
- 
- 
- 
- 
- 
 
2.215* 
- 
- 
- 
- 
- 
- 
 
- 
- 
- 
- 
- 
- 
- 
 
- 
- 
- 
- 
- 
- 
- 
 
.27 
- 
- 
- 
- 
- 
1.37*** 
 
- 
- 
- 
- 
- 
- 
- 
 
.629*** 
- 
- 
- 
- 
- 
- 
 
- 
- 
- 
- 
- 
- 
- 
 
- 
- 
- 
- 
- 
- 
- 
 
- 
- 
- 
- 
- 
- 
- 
Sample size - - - - - - - - - -.002** - - - 
% of  studies from 
Developing countries 
0 5.13 10 0 0 24.52 27.71 n.a. 23.12 0 0/10 n.a. 29.62 
 
Year of first study 
included 
1976 1975 1970S 1975 1978 1972 n.a. n.a. 1974 1997 1970S n.a. 1975 
Year of last study 
included 
1995 1997 2000 2002 2005 2007 n.a. n.a. 2009 2006 2000 n.a. 2006 
Notes: n.a. is not available. – denotes that the variable was not included in the MRA. 
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2.6  The methodological framework for valuing the ecosystem 
services of the Bung Khong Long wetland 
 
In this thesis, both economic valuation and benefits transfer will be used to 
estimate the value of the ecosystem services of the Bung Khong Long wetland. 
The economic valuation is derived from survey research, while benefit transfer is 
conducted by meta-regression analysis.  

2.6.1  Economic valuation method 
As outlined in section 2.1, the Bung Khong Long wetland provides twelve 
ecosystem services (i.e., food production, raw materials, recreation, water supply, 
water regulation, water treatment, flood control, carbon sequestration, scientific 
research, habitat, biodiversity, and culture) which benefit not only the local 
population living in its periphery but also communities living outside the wetland 
area. 
Nine ecosystem services are included in the calculation of the ecosystem 
service value of the Bung Khong Long wetland in this thesis. These are food 
production, raw materials, water supply, water regulation, water treatment, carbon 
sequestration, habitat, biodiversity and culture. Three ecosystem services of the 
Bung Khong Long wetland are excluded from the calculation of the ecosystem 
service values. These are:   
(i)  Recreation: According to Ramsar 2001, Bung Khong Long has low potential 
as a tourist attraction. Also data about recreation and tourism are unavailable. 
Thus, recreation is not included into the estimation of the ecosystem service 
value of Bung Khong Long. 
(ii)  Flood control: This ecosystem service is excluded from the calculation of the 
ecosystem service values, because of data unavailability. 
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(iii) Scientific research: Turner et al. (2000) suggest that to avoid double 
counting, quasi-option value17  should not be included in the calculation of the 
ecosystem service value and is best addressed through other dimensions of 
ecosystem value. Hence potential scientific research is not included in this 
estimation of the ecosystem service value of the Bung Khong Long wetland.  
The economic valuation methods employed for estimating any ecosystem service 
depend on the types of values. Therefore, the valuation methods used to estimate 
the value of ecosystem services of the Bung Khong Long wetland are choice 
experiment (CE), avoided damage cost, and market price valuation method. 

Choice experiment (CE) 
The estimation of wetland ecosystem service values with the choice experiment 
(CE) method is derived from developing hypothetical scenarios to explore the 
local populations’ preferences for hypothetical wetland ecosystem improvement 
programs. The ecosystem services selected for estimation are based on problem 
identification of the Bung Khong Long wetland via consultation with scientists, 
wetland experts and discussions with villagers.  There are five ecosystem services 
(food production, water regulation, water quality improvement, biodiversity and 
culture) estimated by CE methods (details are presented in Chapter 4). 

Avoided damage cost 
This method estimates the value of ecosystem services for preventing the damage 
that arises from their loss (Emerton, 1998). The value of carbon sequestration by 
wetland ecosystems is related to the avoided damage from future global warming 
by reducing the carbon dioxide (CO2) in the system (Pearce and Moran, 1994)via 
photosynthesis equation, as follows:

17 “Quasi-option value refers to the value of information secured by delaying a decision, where 
outcomes are uncertain and where there is opportunity to learn by delay”   (Defra, 2007:31).                              
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2H2O + 2 CO2 + Protons          2 C6H12O6 + 2O2 

Gas regulation based on a potential in sequestrating carbon of lowland forest in 
the Bung Khong Long wetland is calculated by the multiplying of the carbon price 
(Pc) and quantity of carbon sequestration (Qc), i.e.,  
 Carbon sequestration value = Pc x Qc. 
 
Market price valuation method 
This method estimates value of ecosystem services bought and sold in 
commercial markets. Thus the ecosystem service value depends on observing 
changes in prices and quantity for goods or services traded in a market (Turpie et 
al., 2000). These prices can reflect how much people are willing to pay for 
ecosystem services (Emerton, 1998) and how changes in environmental quality of 
wetlands are valued.   In this thesis, the market price valuation method is used to 
estimate the value of raw materials and drinking water supply. The basis of the 
calculations is as follows: 
 
Raw material value = ¦^Ǧ` 
Where Pi is the price of raw materials; Qi is the amount of raw materials; Ci is the 
cost of production. 
Water supply value = ¦^PiQi - Ci` 
Where Pi is the price of water; Qi is the quantity of supply of drinking water; Ci is 
the production cost of drinking water. 
 
2.6.2  Benefit transfer approach 
Benefit transfer approach also applied to estimate thevalue of ecosystem services 
of the Bung Khong Long wetland via Meta-regression analysis (MRA). For 
benefit transfer to produce good results, the characteristics of the policy site 
should be similar to those of the study site (Korsgaard and Schou, 2010 and 
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Figueroa and  Pasten, 2011). Thus, the MRA model is developed from economic 
valuations of wetlands from 309 studies of developing countries. The detail is 
presented in Chapters 6 and 7. 

2.6  Summary 
Valuing the ecosystem services of the Bung Khong Long wetland is associated 
with the translation of ecological structures and processes into ecosystem 
functions providing the goods and services that are valued by the local population. 
The value  of ecosystem services of Bung Khong Long are food production, raw 
materials, recreation, water supply, water regulation, water treatment, flood 
control, carbon sequestration, scientific research, habitat, biodiversity and culture.  
Prior research on economic valuation in Thailand has mostly focused on 
economic valuation of coastal ecosystems. However, these studies did not address 
the linkages between mangroves, seagrass and coral reef ecosystems. In addition, 
most studies did not include indirect use values to assess the economic valuation 
of resources. Moreover, some studies used methods that did not calculate 
economic surplus or lacked a foundation in standard economic theory. 
Prior research on economic valuation of wetlands in developing countries 
has focused mostly on the valuation of a single ecosystem service. Most studies 
have focused on food production, and a few studies have focused on cultural 
value. Market price based approaches are the most widespread method, especially 
market price valuation method for valuing wetland ecosystem services, whereas 
hedonic pricing method has been less employed to value aquatic ecosystems.  
The 13 wetland meta-analysis studies report consistent findings regarding 
wetland size: smaller wetlands have higher values. Also wetlands located in 
higher GDP per capita/income countries have a higher wetland value than those in 
poorer countries/communities. In addition, wetlands located in high population 
density areas have higher value than those located in uncrowded areas. Most 
wetland service/function variables are not statistically significant, but the results 
suggest that non-consumptive products tend to have higher values than 
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consumptive goods/services. Most valuation method variables are insignificant 
and each study has found different results regarding which valuation methods 
produce higher values of wetlands. 
In this thesis, both economic valuation methods derived from survey 
research and benefit transfer conducted by meta-regression analysis are applied to 
estimate the value of ecosystem services of the Bung Khong Long wetland. 
Various economic valuation methods are used to estimate  the value of ecosystem 
services of Bung Khong Long (e.g., CE used to estimate food production, water 
regulation, water treatment and biodiversity, market price valuation method 
employed to estimate water supply and raw materials, avoided damage cost used 
to assess carbon sequestration). MRA transfer functions are derived from 
valuations of wetlands from 309 studies of developing countries. 
The following chapter will discuss the underlying economic theory behind 
CE and the econometric models used in this thesis to estimate the value of 
ecosystem services of Bung Khong Long via wetland ecosystem restoration 
programs.  
  
 

 

Chapter 3 
Choice modelling 
 
The previous chapter described the ecosystem services derived from the Bung 
Khong Long wetland and provided a review of prior wetland valuation studies and 
meta-analyses. The ecosystem services identified include food production, raw 
materials, water supply, recreation, water regulation, carbon sequestration, flood 
control, water quality improvement, opportunity for scientific research and 
education, habitat, biodiversity, and cultural services. Various valuation methods 
can be used to estimate the value of different ecosystem services, such as avoided 
damage cost for carbon sequestration, market price valuation method for raw 
materials and water supply, and non-market valuation techniques for other 
ecosystem services.  
The detail of the choice experiment conducted for this research will be discussed 
in the next chapter. This chapter presents the underlying economic theory of 
choice modelling and the econometric models used in this thesis to estimate the 
social and economic benefits generated from hypothetical wetlands ecosystem 
restoration programs. 
This chapter is divided into four sections. Section 3.1 outlines the 
theoretical economic approach to valuation. Section 3.2 presents the specifications 
of the econometric models. Section 3.3 discusses implicit price and welfare 
estimation and section 3.4 concludes the chapter. 
3.1 Theoretical foundations 
 
Since the mid-1990s, interest in the theory and application of stated preference 
methods of valuation has grown rapidly in agricultural, food, environmental, 
resource, and health economics. The idea behind the stated preference valuation 
approach is to elicit consumers’ preferences for hypothetical policy alternatives 
presented in a survey context (Louviere et al., 2010). The stated preference 
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approach embraces different techniques such as the contingent valuation method 
(CVM), conjoint analysis, and choice experiments (CE) (Alpizar et al., 2003). CE 
initiated with Thurstone (1927) and was developed by Louviere and Hensher 
(1982) and Louviere and Woodworth (1983). Initially, CE originated from 
conjoint analysis and it is a variation on CVM (Alpizar et al., 2003).  
CVM uses surveys to ask respondents their maximum willingness to pay 
(WTP) or their minimum willingness to accept (WTA) based on a hypothetical 
change in the provision of goods and services. Though CVM is widely accepted 
by academics and policy-makers as a versatile and powerful valuation method for 
assessing environmental values, there has been debate over its application 
(Mitchell and Carson, 1989). Blamey et al. ሺ1999) stated three main concerns 
with CVM applications; 
i. It is susceptible to ‘yea-saying’ whereby, respondents agree with the 
surveyor’s requests regardless of their true view; 
ii. Interviewees may ignore the possibilities of substitution. This can 
result in bias in WTP estimation and decrease in sensitivity to scope; 
and 
iii. CVM may not be well suited for the application of many policy 
programs. 
 
Conjoint analysis allows respondents to choose, rate or rank different 
predetermined product alternatives which have a different set of attributes and 
levels of the attributes (Alriksson and Oberg, 2008). Conjoint-analysis is superior 
to CVM in terms of its ability to handle complex choice situations where more 
than one attribute has an important influence on choice (Suh, 2002). Holmes et 
al., (1998: 8) describe it as: 
Conjoint analysis is a hedonic technique conceptually linked to Lancaster’s (1996) view 
of economic goods as bundles of attributes. It supposes that consumer preference for 
products can be decomposed into separable utilities or “parth-worths” for the constituent 
part.                                                                 
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The research method applied in this thesis is CE. The valuation method 
engages the generation and analysis of CE data based on constructing hypothetical 
scenarios (Hoyos, 2010). The earliest study to employ CE to non-market valuation 
was Adamowicz et al. (1994) and since then there has been an increase in the 
application of CE as a method for the estimation of non-market environmental 
values (Hoyos, 2010). The CE method possesses several advantages (Hanley et 
al., 1998). Alpizaret al. (2003) proposed that the advantages of CE over CVM 
include; reducing framing bias of CVMͳͺ, eliciting more information from each 
respondent, and the possibility of testing for internal consistency. Suh (2002) 
argues that CE is superior over conjoint analysis in the sense that CE overcomes 
metric bias occurring when individuals value environmental services with 
different scales. In addition, CE presents an opportunity to elicit a deeper 
understanding of the trade-offs between different attributes and it  also cost 
effective for designing and implementing policy. When estimating values for 
multi-attribute programs, this can be achieved with one questionnaire, and CE 
applications can reduce the incidence of potential policy biases by providing 
additional information for policy-makers (Adamowicz et al., 1998; Hanley et al., 
2001; Jin et al., 2006; Hoyos, 2010).  
In CE applications, respondents are asked to state their most preferred 
alternative among a set of alternatives in a choice set. These alternatives are 
considered as hypothetical outcomes of policies. In this thesis, three alternatives 
including the current situation or no policy intervention are presented in each 
choice set. Two alternatives (excluding the current situation) are the potential 
outcomes of hypothetical ecosystem restoration programs in the Bung Khong 
Long wetland. The alternatives are determined by a set of attributes which have 
one or more levels. The levels represent a hypothetical change in the quality or 
quantity of each attribute leading to a change in outcome or welfare. Individual 
choices require implicit trade-offs between the levels of the attribute in the 

18 Potential biases in CVM studies are; (i) Hypothetical bias: individuals overlook “actual cost and 
benefit of consuming the goods”. (ii) Strategic bias: respondents may misstate actual willingness 
to pay (WTP) (“free-riding”). (iii) Information bias: the respondents’ WTP cannot reflect the 
actual WTP if insufficient information associated with the environmental goods and services being 
valued are given. And, (iv) Operation bias: individuals understanding of the goods and services 
may differ from researchers (Selassie, 2006). 
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different alternatives included in the choice sets. As the cost of the hypothetical 
policy change is included as an attribute, marginal utility estimates can be used to 
estimate willingness-to-pay (WTP) for changes in the attribute levels. 
Furthermore, “given that compensating variation measures are obtained, results 
can be used directly within the cost-benefit analysis framework” (Hoyos, 
2010:1595).  
The CE method is founded on Lancastrian consumer theory (Lancaster, 
1966), and has its econometric basis in random utility theory (McFadden, 1974). 
The basic assumption in CE applications is that consumers derive utility from the 
attributes possessed by goods instead of the goods themselves (Birol and Cox, 
2007). In this study, this means that utility derived from the ecosystem restoration 
program in the Bung Khong Long wetland is equivalent to the summation of the 
utility derived from the attributes. In the CE application for this thesis, local 
people make choices relating to the ecosystem restoration of the Bung Khong 
Long wetland and it is assumed that utility is based on choices made from a 
choice set including possible alternatives of the ecosystem restoration programs. 
Thus, each local person is assumed to have a utility function of the form: 
              Uij = V (Zj, Si) + Hij     (3.1) 
Where for any local person i (i =1, 2, 3,…n), utility is gained from choosing an 
alternative hypothetical ecosystem restoration program j (j = A, B, and C). Local 
people are assumed to derive utility from the ecosystem restoration program 
depending on the attributes (Z) of the program and the socioeconomic and their 
attitudinal characteristics (S). The stochastic component (H) is discussed below. 
The choices made in CE are analysed by using random utility theory. The 
utility function of a choice (U) is decomposed into two components:  
(i) A deterministic component or the observable objective component of 
utility (V).V is a vector of attributes describing the ecosystem services 
which affect local peoples’ preferences and complemented by 
socioeconomic and attitudinal characteristics of local people (S). 
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(ii) A stochastic component or unobservable portion of utility (H), as 
unobserved factors may influence local peoples' preferences. It is 
possible that some variables are omitted from this study, measurement 
errors arise, and local people may be inattentive to the specific 
decision. 
Customarily, it is assumed that people choose an alternative or a policy which 
provides the highest utility. In order to estimate the parameters and calculate 
welfare effects, it is generally assumed that the utility function takes a linear form. 
The attributes of ecosystem services can be entered into the individual’s utility 
functionሺBen-Akiva and Lerman, 1985). The probability that person i will choose 
alternative j over some alternative h within choice set R, when the expected utility 
for person i (Uij) is higher than expected utility (Uih) for all alternatives or options, 
or policies can be represented as: 
Pi(j) = Pr ^Uij t Uih, s.t. h  Ri, and  j z h`                                         (3.2)                 
The utility of each option or policy can be divided into observable terms and 
unobservable elements (the error term). Hence, equation (3.2) can be rewritten, as 
follows: 
Pi(j) = Pr ^V(Zj, Si ) + Hij  t  V(Zh, Si ) + Hih , s.t. h  Ri, and  j z h`   (3.3)                        
In order to estimate the probability function and the observable parameters 
of the utility function in equation (3.3), it is necessary to make assumptions about 
the distribution of the error terms. Different econometric choice models can be 
derived from making different assumptions associated with the distribution of the 
error terms (Adamowicz et al., 1998). For instance, in the Multinomial logit 
model (MNL) and the Conditional logit model (CML), it is assumed that the error 
terms are identically and independently distributed (IID) with a Gumbel 
distribution or a Weibull distribution (McFadden, 1974; Greene, 1997). This issue 
will be further discussed in the next section.    
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3.2 Model specifications 
The random utility function suggests an analysis of the probability of choosing 
one alternative over another. The econometric model specification relies on two 
further decisions: (i) the utility function specification (how the stochastic terms 
enter the conditional indirect utility function); and (ii) the assumption of the 
distribution of the error term (Hoyos, 2010). The model specifications applied for 
this CE study are the Multinominal logit (MNL) and theRandom parameter logit 
(RPL)models.  
 
3.2.1 Multinomial logit model (MNL) 
The MNL has been widely used in discrete choice modelling. The model is based 
on certain restrictive assumptions but its popularity rests in its relative simplicity 
of estimation (Alpizar, et al., 2003). Ben-Akiva and Lerman (1985) express the 
MNL model as:  
௜ܲሺሻ ൌ ௘
Pೇ೔ೕ
σ ௘Pೇ೔೓೓ೃ೔
                                                  (3.4)                             
The conditions in equation (3.4) are: 
(i) 0  d  Pi(j) d 1,   j  Ri                                                            (3.5) 
(ii)  σ ௜ܲሺ݆ሻ ൌ ͳ୨אோ೔        (3.6) 
                 
 Also in equation (3.4) it is assumed that: 
(i) Uij = Vij + Hijǡ j  Ri      (3.7) 
                 
(ii) Hij are independently and identically distributed (IID) with a Gumbel 
distribution characterized by a scale parameter P and location parameter K.  
P is related to the variance of the distribution such that varH = Sమ଺Pమ.  Generally, P 
and K  are assumed to be equal to 1 and 0, respectively (Alpizar et al., 2003). Thus it 
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can be implied that varH  is constant. As P o 0 the probability of choice becomes ½, 
if P of, the model becomes totally deterministic (Ben-Akiva and Lerman, 1985).  
Alpizar et al. (2003) point out that the MNL specification has two main 
limitations:  
(i) The independence of irrelevant alternatives (IIA) property: this is a direct 
reflection of the IID assumption (homoscedasticity or constant variance). 
The IIA property requires that the ratio of choice probabilities between 
two alternatives in a choice set is not affected by changes in the choice 
set.  
(ii) The assumption of preference homogeneity across all observations and 
individuals: In a realistic situation, respondents are likely to have 
heterogenous preferences. 
Further, two issues have received special attention in model specification 
procedure: through the coding of independent variables (attributes, socioeconomic 
and attitudinal characteristics) and the addition or omission of alternative specific 
constants (ASCs) representing a parameter for a specific alternative which denotes 
the role of stochastic sources of utility (Hoyos, 2010). The addition or exclusion of 
ASCs in the estimation procedure may affect the obtained welfare calculation (Mogas 
et al., 2006). Hensher et al., (2005) argue that ASCs included in the unlabelled 
experiment context could violate the meaning of unlabelled. Morrison et al. (2002) 
argue that ASCs are important in interpreting individual preferences. If ASCs are 
excluded from the empirical analysis, the remainder of the model parameters could 
capture this effect leading to biased attribute parameter estimates. Adamowicz et al. 
(1998) suggest that including ASCs depends on their sign, since ASCs represent a 
status quo bias or endowment effect or a utility premium for moving away from the 
current situation. 
For the purposes of this CE study, the basic MNL estimated from equation 
(3.4) can be written as: 
௜ܸ௝ ൌ ܣܵܥ௝ ൅ ¦E௜௝ܼ௜௝                     (3.8) 
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Where, i denotes local person (i =1, 2, 3,… n), j is the ecosystem restoration program 
of the Bung Khong Long wetland (j = A, B and C), ASC is the alternative specific 
constant, E are the coefficients of the attributes, and Z is a vector of variables 
representing the effect of the deterministic variables (i.e., attributes in the choice 
set representing the ecosystem restoration of the Bung Khong Long wetland). The 
ASCs are included in this analysis as they can capture the mean effect of the 
unobserved components in the error terms for each alternative (Blamey et al., 
1999). In addition, including ASCs can help mitigate inaccuracies owing to the 
violation in IIA assumption (Train, 1986). For this analysis, the ASC takes on a 
value of zero for the status quo and the program or option takes on a value of one. 
The estimated linear-in-parameter utility function in equation (3.8) expresses the 
importance of attributes in explaining respondents’ choices across the alternatives 
in the choice sets. 
However, the model in equation (3.8) cannot capture the variation in 
preferences among respondents. It is possible to include socio-economic and 
attitudinal variables into the estimated linear utility function by interacting them 
with either the ASC or attributesͳͻ. The resulting more complex specification of 
the linear utility function for jh programs or alternatives can be expressed as: 
 
௜ܸ௝ ൌ ܣܵܥ௝ ൅ Eଵܼଵ ൅ Eଶܼଶ ൅ Eଷܼଷ ൅ ڮE௞ܼ௞ ൅ Jଵሺ ଵܵ כ ܣܵܥ௝ሻ ൅ Jଶሺܵଶ כ ܣܵܥ௝ ൅
Jଷሺܵଷ כ ܣܵܥ௝ሻǥ൅ J௣ሺܵ௣ כ ܣܵܥ௝ሻ            (3.9)     
       
Where j is the hypothetical ecosystem restoration program in the choice set, there are 
k attributes in the choice set and there are p socioeconomic and attitudinal 
variables.20 Suh (2002) suggests that if the IIA is violated in this complex MNL 
model (containing interaction terms of non-attribute variables), then it is 
necessary to estimate a more complex model that relaxes the IIA assumption. 

19 Socio-economic and attitudinal variables cannot be directly entered into the estimated utility 
function because they are invariant across the alternatives in the choice set. Thus, their coefficients 
cannot be estimated (Morrison et al., 1999). 
ʹͲEquation 3.9 includes only interactions between the S vector and ASC. The S vector can also be 
interacted with the vector Z. 
Choice modelling
61 

It is possible that a violation of the IIA assumption may arise in 
applications when alternatives are close substitutes for other alternatives (Suh, 
2002). The invalidation of the IIA property means that parameter estimates from 
the relevant discrete choice model may be biased. This can lead to incorrectly 
informing policy. Thus, it is necessary to detect and solve IIA violation where 
possible (Kontoleon and Yabe, 2003). Violation of the IIA property can be 
detected by tests proposed by Hausman and McFadden (1984) and Ben-Akiva and 
Lerman (1985). The Hausman and McFadden (1984) test is commonly employed. 
Morrison et al. (1999) stated that the IIA violation can be avoided if individuals 
have heterogeneous tastes. 
The MNL model has both advantages and limitations for discrete choice 
estimation. Train (2003) states that the MNL model: (i) is able to exhibit 
systematic taste variations but it cannot be connected to observed individual 
characteristics; (ii) displays restrictive substitution patterns or the IIA property 
which in realistic situations is difficult to observe; and (iii) is able to mitigate this 
condition where unobserved factors are independent, but it cannot be employed if 
unobserved factors are correlated with each other. 
Due to violation of the IIA assumption in the MNL model, some 
researchers recommend the Nested logit (NL) model. The NL model can relax the 
IIA restriction by partially dividing options/alternatives into different subgroups 
where the variance is permitted to differ while handling homoscedasticity within 
each group (Greene, 1997). However, the NL model has some limitations for CE 
applications. It relaxes the IIA assumption by holding the substitution over 
alternatives to a limited degree and cannot detect unobserved heterogeneity 
between respondents (Rasciute and Pentecost, 2008). Others suggest the 
multinomial probit (MNP) model. The MNP model relaxes the restrictions of the 
MNL model. However, the MNP model requires a normal distribution of wholly 
unobserved elements and sometimes, normal distributions might be inappropriate 
(Hoyos, 2010). Several analysts recommend the Mixed logit model or the 
Random parameter logit (RPL) for discrete choice modelling applications. The 
RPL model can overcome the limitations noted above, particularly random tastes 
variation (Train, 2003). Moreover, the RPL model provides a flexible and 
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theoretical and conceptual econometric model that can estimate any random utility 
model (McFadden and Train, 2000). It also provides superior insights into choice 
performance and welfare estimates (Sillano and de Ortúzar, 2005; Scarpa et al., 
2008; Hynes et al., 2008). For these reasons the RPL model will be used in this 
thesis and is discussed further in the following section. 
 
3.2.2 Random parameter logit (RPL) 
The RPL model is also referred to as the mixed logit model (ML). The model 
allows the coefficient of observed variables to vary randomly with a specific 
probabilistic distribution across individuals (Yang, 2005). In the RPL model, 
individual heterogeneity can be formed by varying the parameters in the 
population.  Random parameters with the mean and variance can be modelled by 
assuming that the parameters conform to a multivariate normal distribution across 
individuals (Lee et al., 2003), as follows: 
Uij = Dij + f (Ei\Emean, Estd)Zij + Hij    
      = Dij + Emean Zij + Estd Zij + Hij         
      = Dij + Emean Zij + Kij + Hij                                                          (3.10) 
     
where Dij denotes an alternative specific constant for individual i (i = 1,…,n) and 
alternative j (j = A, B, C). Emean  fixed parameter in the population, EmeanZij 
denotes observed attributes of alternatives within a choice set. Estd is an individual 
deviation parameter which can capture a random, unconditional and unobserved 
type of taste heterogeneity of each random parameter (Grosjean and Kontoleon, 
2009).  EstdZij or Kij is known as a stochastic component that reflects individual 
heterogeneity. The parameters Kij vary in the population with density f(Kij\:), 
where : is the actual parameter distribution. f(Kij\:) can take on different 
distributional forms such as normal, lognormal, uniform or triangular, counting on 
a different pattern of individual heterogeneity (Lee et al., 2003). HIj is a random 
term with the IID property across alternatives and individuals. 
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For a given value of Kij, the conditional probability of individual i 
choosing alternative j in a choice set in a standard logit, is: 
௜ܲሺȀK௜௝ሻ ൌ
ୣ୶୮ሺD೔ೕାE೘೐ೌ೙௓೔ೕାK೔ೕሻ
σ ୣ୶୮ሺD೔೓ାE೘೐ೌ೙௓೔೓ାK೔೓ሻయೕసభ
    (3.11) 
   
However, the individual tastes are commonly unknown. Hence, it is necessary to 
calculate the unconditional probability generated from the equation (3.11) across 
all possible values of Kij.  This can be expressed as: 
௜ܲሺ݆̳:ሻ ൌ ³ ୣ୶୮ ቀD೔ೕାE೘೐ೌ೙௓೔ೕାK೔ೕቁσ ୣ୶୮൫D೔೓ାE೘೐ೌ೙௓೔೓ାK೔೓൯యೕసభ ³ሺK௜௝̳:ሻ݀K௜௝    (3.12) 
 
The IIA property will not be exhibited and different substitution patterns might be 
attained by suitable specifications of f (Hensher et al., 2005). 
 The utility function in the RPL model estimated from equation (3.12) can 
be expressed as: 
௜ܸ௝ ൌ ܣܵܥ௝ ൅ E௠௘௔௡௝ܼ௜௝ ൅E௦௧ௗ௝ܼ௜௝   (3.13) 
  
where ܼ௜௝ denotes  a vector of ecosystem restoration attributes of an alternative j 
(j = A, B, C) within the choice sets, k attributes, E௠௘௔௡௝ is the vector of 
coefficients of these attributes, E௦௧ௗ௝ is the vector of standard deviation 
parameters or random parameter. 
The estimation of the choice model in this thesis follows the steps 
recommended by Hensher et al. (2005) to estimate the RPL models, with all 
parameters of attributes except the cost parameter initially considered as random 
parameters. Then, the model was re-estimated with parameters which had 
statistically insignificant standard deviations included as non-random parameters. 
The model was estimated numerous times assuming different distributions and 
their combinations. Train (2003) recommended that normally distributed 
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coefficients of random parameters can provide information as to the extent 
individuals put either positive or negative value on the environmental attributes. 
Thus, in this thesis, the estimation of the random parameters logit with normal 
distribution was selected to capture local people’s preference heterogeneity for 
variables of ecosystem restoration attributes.     
Taste variation among respondents is explored through socioeconomic and 
attitudinal variables interacted with either the ASC or attributes. This results in the 
following extended linear utility function of RPL model for j programs: 
௜ܸ௝ ൌ ܣܵܥ௝ ൅ E௠௘௔௡ଵܼଵ ൅ E௠௘௔௡ଶܼଶ ൅ E௠௘௔௡ଷܼଷ ൅ ڮ E௠௘௔௡௞ܼ௞ ൅
E௖௢௦௧ܼ௞௖௢௦௧ ൅ E௦௧ௗଵݖଵ ൅ E௦௧ௗଶݖଶ ൅E௦௧ௗଷݖଷ ǥ൅ E௦௧ௗ௞ݖ௞ ൅ Jଵሺܵଵ כ ܣܵܥ௝ሻ ൅
Jଶሺܵଶ כ ܣܵܥ௝ ൅Jଷሺܵଷ כ ܣܵܥ௝ሻǥ൅ J௣ሺܵ௣ כ ܣܵܥ௝ሻ    (3.14) 
   
where J is a vector of coefficients of  interactive terms with either ASC or 
attributes. There are j ecosystem restoration program in the choice sets, k attributes 
and p socioeconomic and attitudinal variables in this extended linear utility function. 
3.3 The output of choice models 
In general, CE provides two value estimates. First, CE generates implicit prices 
that reflect individuals WTP  to trade-off one attribute for another. The implicit 
prices of each attribute provide superior insights about the relative importance that 
individuals hold for them. Second, CE can be used to assess the welfare 
implications or the compensated surplus (CS)ʹͳ of individuals to obtain 
environmental quality improvements or environmental damage mitigation. This 
can be directly applied within a cost-benefit analysis (CBA) framework (Hoyos, 
2010). The CE application provides an alternative social choice mechanism and 
the opportunity for social welfare orderings of the community at large to be 
voiced. This approach is superior in terms of ability to take value judgments away 
from policy-makers and economists and places it with the community 

21 According to Scarborough and Bennett (2012: 37): “This may be different from the sum of the 
change in the implicit prices if the value that respondents have for a bundle of changes is not 
simply the sum of the value of the individual change”. 
Choice modelling
65 

(Scarborough and Bennett, 2012). In addition, CE can overcome a policy bias 
caused by political or group interest and characterize the decision environment, as 
well as incorporate itself closely with realistic policy options (Bockstael and 
McConnell 1999, as cited in Scarborough and Bennett, 2012).22 
In this thesis, the key output of the CE is the welfare implication (CS) of 
the hypothetical ecosystem restoration programs of the Bung Khong Long 
wetland. The CE is used to estimate the amount of money each local person is 
WTP for wetland ecosystem improvements arising from implemented policies. CS 
and implicit price estimates obtained from this study will increase the information 
available to policy-makers and assist them in making effective policy choices 
between conservation and utilization of wetlands for sustainable use. 
 
3.3.1 Compensating surplus (CS) and mean WTP  
An important objective of CE is to estimate CS or welfare implication of changes 
in attributes. In this thesis, the estimates of the welfare implications of ecosystem 
improvement of the Bung Khong Long wetland program are obtained using the 
following formula described by Alpizar et al. (2001) and Hanemann (1999). 
The linear utility function is: 
ܷ ൌ ܾሺܼሻ ൅ Eሺܵǡ ݍሻݍ ൅ H                               (3.15)                           
where the function b(Z) explores the effect of the different attributes on utility, S 
denotes a vector of personal characteristics and q is a component bundle.  
The conditional indirect utility function for a discrete choice is given by: 
 ௝ܸ൫ ௝ܼǡ ݌௝ǡ ݕǡ H൯ ൌ E௞൫ ௝ܼ൯ ൅ E௖൫ݕ െ ݌௝ ௝ܿ൯ ൅ H  (3.16)          
where Z denotes attributes, pj is the price of each profile, y is income, cj is profiles 
defined  for all relevant alternatives, Ec is the marginal utility of money, and Ek is 
the marginal utility of each attribute. 

22 However, this needs to be qualified by public choice considerations whereby central planners 
and policy-makers do not strive to maximise some social welfare function, choosing instead 
options that satisfy their own self-interest. 
Chapter 3 
66 

The probability that alternative j is chosen by local people can be expressed as: 
 ௝ܲ ൌ ܲ^E௝൫ ௝ܼ൯ ൅ E௖൫ݕ െ ݌௝ ௝ܿ൯ ൅ H ൐ E௛ሺܼ௛ሻ ൅ E௖ሺݕ െ ݌௛ܿ௛ሻ ൅ HǢ ݆z݄` ൌ 
ܲ^E௝൫ ௝ܼ൯ െ E௖݌݆݆ܿ ൅ H ൐ E௛ሺܼ݄ሻ െ E௖݌௛ܿ௛ ൅ HǢ ݆z݆`                  (3.17) 
From equation (3.17), if income does not affect the probability of choosing a 
certain alternative under the current assumption, welfare estimates will have no 
income effects. Thus, the unconditional indirect utility function can be written as: 
 ௝ܸ൫ ௝ܼǡ ݌௝ǡ ݕǡܴ൯ ൌ E௖ݕ ൅ ݉ܽݔ൫Eଵሺܼଵሻ െ ݌ଵܿଵ ൅ Hଵ ǥ ǡ E௞ሺܼ௞ሻ െ ݌௞ܿ௞ ൅ H௞൯             (3.18)       
CS or welfare implication is obtained by solving the equivalence:  
V(Z0, p0, y0) = V(Z1, p1, y1- CS)                                                           (3.19)                          
             
Substituting equation 3.18 into 3.19, it can be written as: 
E௖൅>൫EͳሺͲͳሻǦͲͳͳ൅HͳǥǡEሺͲሻǦͲ൅H൯@     = 
E௖(y-CS) + >max൫E1ሺZ11ሻ-p11c1 +H1 …,EkሺZ1kሻ-p1kck +Hk൯ @ (3.20)  
Solving equation (3.20), the result can be expressed as: 
 CS = ଵE೎
 ^>max ൫E1ሺZ11ሻ-p11c1 +H1 …,EkሺZ1kሻ-p1kck +Hk൯ @- 
>max൫E1ሺZ01ሻ-p01c1 +H1 …,EkሺZ0kሻ-p0kck +Hk൯@`   (3.21)        
In equation (3.21), if the H components are extreme values, the expected CS for 
change in attributes is (Hanemann 1999, as cited in Alpizar et al, 2001): 
CS = ଵE೎
 ^ln ¦exp(V1)- ln ¦exp(V0)      (3.22)        
Where V0 is the utility of the current situation and V1 denotes the utility of the 
wetland ecosystem restoration program, and E௖ represents the marginal utility of 
money. If only one attribute changes, the CS for this change is: 
CS  or mean WTP = ଵE೎
 (V1- V0)          (3.23) 
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The CS can be used to estimate the community benefits or the social benefits 
associated with different ecosystem restoration programs for the Bung Khong 
Long wetland. This can be calculated as the total willingness to pay (TWTP): 
TWTP = ܥܵݔݐ݋ݐ݈ܽ݊ݑܾ݉݁ݎ݋݂݄݋ݑݏ݄݁݋݈݀ݏݏݑݎݎ݋ݑ݀݅݊݃ݐ݄݁ݓ݁ݐ݈ܽ݊݀ݏ       (3.24) 
CE provides estimates of community preferences for wetland ecosystem 
restoration; CE result provide estimates of the social benefits that can be used to 
make effective choices for wetland management (Randall, 1998). The total WTP 
calculated from equation 3.24 is actually likely to provide a lower bound estimate 
of social benefits for wetland restoration. 
 
3.3.2 Implicit price or the marginal willingness to pay (WTP) 
The implicit price or the marginal WTP indicates the marginal rate of 
substitution between each attribute and the payment attribute (Morrison et al., 
1999). In other words, the implicit price reflects respondents’ WTP for an 
additional unit of one attribute. Implicit price estimates are based on the ceteris 
paribus assumption. From equation (3.23) the marginal rate of substitution 
between attributes is the ratio of their coefficients. The marginal WTP for a 
change in an attribute can be expressed as: 
 ܫ݉݌݈݅ܿ݅ݐ݌ݎ݅ܿ݁ݏ݋ݎWTP = EೖE೎                 (3.25) 
  
where Ec is the coefficient of the cost attribute and Ek is the coefficient of the non-
cost attribute. Implicit prices of each attribute can inform policy-makers on how 
to design a multidimensional policy to maximize the net social benefit (Hanley et 
al., 2001). However, specifying standard errors for implicit price ratios is more 
complex in that they are a non-linear function of the parameter. Standard errors 
are required to calculate the confidence intervals for estimating implicit price or 
WTP (Kosenius, 2010). “By the delta method, the standard errors of the WTP 
estimate are obtained by taking a square root of the variance of WTP, var (WTP). The 
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variance is approximated by taking a first-order Taylor expansion around the mean 
value of variables and calculating the variance” (Kosenius, 2010: 22-23). 
ݒܽݎሺܹܶܲሻ ൌ >߲ܹܶܲȀ߲E௞ܹܶܲȀ߲E௖@ ቈ
ݒܽݎሺE௞ሻ ܿ݋ݒሺE௞ǡE௖ሻ
ܿ݋ݒሺE௞ǡE௖ሻ ݒܽݎሺE௖ሻ ቉ >
߲ܹܶܲȀ߲E௞
߲ܹܶܲȀ߲E௖ @ 
      ൌ >(WTPEc)2 var(Ek) + (WTPEc)2 var(Ec)@ +2 WTPEcWTPEk (covEk,Ec)    (3.26)  
 
where WTP Ek and WTP Ec are the partial derivatives of WTP with respect to Ek and 
Ec, respectively. The 95% confidence intervals for the WTP approximation can be 
calculated by:  
ܹܶܲ ט ͳǤͻ͸ כ ඥݒܽݎሺܹܶܲሻ     (3.27) 
(Greene, 2003; Hole, 2007; as cited in Kosenius, 2010)  
If one of the parameters is estimated as a random parameter, the estimation 
of the implicit price has to take the distribution of this parameter into account. 
Equation (3.25) is extended by including additive component as a product of 
standard error and distribution of a random parameter with random parameter 
coefficient. The implicit prices for random parameters can be calculated as 
follows: 
ܫ݉݌݈݅ܿ݅ݐ݌ݎ݅ܿ݁ݏ݋ݎWTP = ሺEೖାVೖכMೖሻE೎                            (3.28)
  
where Vk denotes an estimated standard error of the random parameter, and Mk is a 
draw from the standard normal distribution for each Ek.  



Choice modelling
69 

3.4 Summary 
CE is one of the stated preference valuation methods that have been widely 
applied in non-market valuation. The CE methodology is underpinned by 
Lancastrian utility theory (Lancaster, 1996) and is behaviourally founded on 
random utility theory (McFadden, 1974). In this thesis, CE is applied to elicit 
community values for different features of possible ecosystem improvement 
programs for the Bung Khong Long wetland. The models applied are the MNL 
and the RPL. The MNL estimations may be biased if each alternative in the 
choice set is not independent and there is taste variation across individuals owing 
to observed and/or unobserved heterogeneity. To address these problems, the RPL 
model is also used for estimating this choice data. CE provides implicit price and 
welfare estimates. These can be directly applied within a CBA framework.  
The following chapter details the design of this CE application including 
the selection of attribute levels, the experimental design, questionnaire 
development, and survey design. This procedure allows for implicit price 
estimation and analysis of policy and welfare implications. Chapter 5 presents the 
results of the CE application.  

Chapter 4 
Data collection: Choice Experiment application 
 
The previous chapter introduced the theoretical framework of choice 
experiments (CE) and the econometric model specification for the analysis of CE 
responses. This chapter outlines the procedure of the choice experiment 
application designed to elicit villagers’ preferences and to provide welfare 
estimates for specified ecosystem restoration of the Bung Khong Long wetland. 
The CE application involves selecting attributes and their levels, and developing 
an experimental design to create the choice sets or hypothetical scenarios for 
welfare assessment via the CE questionnaire. 
This chapter is divided into four sections. Section 4.1 details the 
experimental design process for the CE survey to estimate the value of the 
ecosystem services of the Bung Kong Long wetland. Section 4.2 describes the 
questionnaire development. Section 4.3 explains the administration of the survey 
and the last section concludes the chapter. 
 
4.1  Choice experiment design 
The objectives of the CE survey are to answer three main research questions 
related to: (i) estimating the value of the ecosystem services of the Bung Khong 
Long wetland, (ii) identifying and analysing the factors affecting the respondents’ 
willingness to pay for improving the ecosystem services of the Bung Khong Long 
wetland, and (iii) providing specific suggestions for wetland planners and policy 
makers. In the survey, respondents were asked to report their hypothetical 
payment to a fund for improving the ecosystem services of the Bung Khong Long 
wetland. 
Kragt and Bennett (2008) outlined five steps in the experimental design 
process (Table 4.1). The first stage involves identifying the environmental issues 
and defining the status quo or current situation. The second stage entails 
Chapter 4 
71 
 
 
identifying what management actions could be undertaken to address the 
environmental issues. The third stage necessitates attribute selection. The fourth 
stage is about assigning levels to attributes and the final stage concerns the 
experiment design.  
 
Table 4.1: Stages of choice experiment design 
Step Definition 
1. Problem identification Describing the issue at stake. What are the environmental 
resources that will be considered? What is the current status, 
threats, who are the stakeholders? 
2. Policy scenarios Identifying what management actions could be undertaken to 
address the issue at stake. 
3. Selecting attributes Deciding on the attributes relevant to the goods and services 
under consideration including their scope, scale and framing 
context. 
4. Assigning  levels to   
attributes 
The likely levels of the attributes that need to be determined 
for a status-quo scenario and alternative policy scenarios. 
5. Experiment design Allocating the levels of the attributes to each alternative 
within the choice sets. 
Source: Adapted from Kragt and Bennett (2008: 2) 
 
4.1.1  Identifying the problematic issues 
The Royal Forest Department of Thailand (1982) took the first step in conserving 
the Bung Khong Long wetland by declaring the Don Swan Islands23 as a non-
hunting area. Since then, the Bung Khong Long wetland has become an important 
habitat as it supports many endangered species including five endangered avian 
species, three nationally near-threatened species, 76 migratory bird species, and 
six nationally endemic fish species (ONEP, 2004). 
Ramsar (2001) identified the multifunction of wetland ecosystems. Based 
on this, the Bung Khong Long wetland has major three roles: (i) acting as a 
                                                          
23 One of Islands of the Bung Khong Long wetland is covered with lowland rain forest of 
approximately 250 hectare (Sukri et al., 2005).  
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sanctuary area for bird species, (ii) providing food sources for fish and a 
spawning ground for fish species and (iii) supporting the biodiversity of plant and 
animal species. In addition, Ramsar identifies the disturbance and threats to Bung 
Khong Long ecosystem. These include: (i) illegal bird hunting particularly at 
night, (ii) illegal fishing in the sanctuary area and during spawning season, and 
(iii) burning of habitat surrounding the lake caused by fishermen’s’ cooking. 
Ramsar and WWF Greater Mekong Programme (2005) identified threats 
to wetland resources and provided strategies that could be undertaken to protect 
the Bung Khong Long wetland, as presented in Table 4.2. 
 
Table 4.2: Threats to wetland resources and strategies to protect the Bung Khong 
Long wetland 
Threats to wetland resources Strategic wetland management 
1. Extensive fishing and hunting 1.  Develop awareness and better understanding of wetland 
value of Bung Khong Long 
        - Establish Information Centre at Bung Khong Long 
        - Training programs about general wetland  
information  to stakeholders 
 
2.  A small grant program created to reduce wetland use 
through other alternative economic activities, targeting 
groups of fishermen, farmers or women 
3.  Monitor at least once a year on biodiversity 
 
2. Exploiting remnant forest 
patches surrounding wetlands for 
cultivation 
3. Insufficient water for 
horticultural plantation during dry 
season 
4. Chemical pollutant draining from 
agricultural practices 
1. Training farmers on impact of chemical use 
2. Farmer’s pilots implemented on organic farming 
3. Water quality monitoring at least twice a year   
Source: Danone-Ramsar project “Ecoles de protection del’eau” (2005) 
 
Senior citizens24 of the community were interviewed about changes to the 
Bung Khong Long wetland during the period 1957 to 2010.25 They agreed that 
changes in agricultural production, from subsistence to commercial production, 
have resulted in the conversion of forest areas surrounding the lake into 
agricultural land. The consequences of this are that the natural shelter and filtering 
functions of the lake have been destroyed, resulting in soil erosion and chemical 
                                                          
24 These are defined as people who are 70-89 years. In the local traditional culture, old people are 
respected.  
25 I conducted the interviews in February 2010. Twelve people were interviewed. 
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pollutants entering the lake from agricultural run-off. Commercial production has 
also resulted in extensive fishing and excessive harvesting of wetland resources. 
Moreover, discarding the principles of local traditional culture and Buddhist 
beliefs26 has led to the edges of the water body being encroached for 
construction, such as the building of houses, resorts and restaurants which 
threaten the ecosystem. Senior citizens identified several current threats to the 
Bung Khong Long wetland: (i) water quality degradation, (ii) fish stock depletion, 
and some native plant and animal extinction, (iii) the lake becoming shallower 
due to soil erosion and weed dispersion, and (iv) the encroachment for 
construction purposes. Moreover, they suggested that the sustainable use of the 
Bung Khong Long resources can be practiced following the principle of 
traditional culture and Buddhist beliefs. Their view is that if people respect 
natural resources based on cultural and religious beliefs, then the rate of resource 
degradation can be minimized and support gained for creating a balance between 
resource growth and resource consumption.  
Therefore, it can be inferred that the most important current threats 
identified for the Bung Khong Long wetland are decreasing fish stocks, declining 
water quality, the clearing of remnant forest for cultivation, decreasing water 
level, and the encroachment of riparian zones and water bodies. Wetlands are 
noteworthy for supporting biodiversity and as a sanctuary habitat for avian and 
aquatic species, especially for endangered species. Management actions to 
conserve the wetlands need to consider local traditional culture in conjunction 
with scientific knowledge.  
 
                                                          
26 It is believed that Nāgas dwell in the lake and the river. According to Buddhist legend, 
Mucalinda Nāga protect the Lord of Buddha after his enlightenment. Traditional culture and 
Buddhism beliefs forbid the construction of houses and other buildings in the edge of water body 
or in the water body. The Nāga are believed to be the protectors of Bung Khong Long community. 
Therefore, it is believed that it is possible that house, resort and restaurants operating in riparian 
zones or in water body may disturb on Nāgas. 
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4.1.2  Attribute selection 
In CE, choosing the attributes to be included to create choice scenarios requires 
that they are: relevant to the problem being analysed; credible/realistic; capable of 
being understood by the sample population; and applicable to policy analysis 
(Bergmann et al., 2006). To determine the relevant attributes to the ecosystem 
improvement of the Bung Khong Long wetland, a process involving literature 
reviews, a thorough discussion with agency staff,27 local people, and university 
researchers was conducted.  
 
Review of the literature 
The identification of possible attributes requires a comprehensive review of both 
environmental research and economic valuation literature. 
 
The literature review of environmental research 
Scientific research relevant to the ecosystems of the Bung Khong Long wetland 
includes; 
(i) Biodiversity profiles: The WWF Greater Mekong Thailand Country Program 
report (2006) indicates that the lake accommodates 80 fish species including 64 
economic fish species and 9 Mekong endemic fish species, 136 bird species and 
more than 70 migratory birds. In addition, 10 reptile species and 6 amphibian 
species are also recorded. Among floral species 256 species are of terrestrial 
tree/shrub and 80 aquatic plant species. 
(ii) The community structure of aquatic plants: Bung Khong Long wetland has a 
high diversity of aquatic-plant species with Shannon-Weaver index (Hc)28 value 
                                                          
27 Staff from the office of the Bung Khong Long Non-Hunting Area and the WWF Greater 
Mekong, Thailand Country Programme are knowledgeable about the Bung Khong Long wetland 
ecosystems and the restoration effort.28 The Shannon-Weaver diversity index is a biodiversity 
index that takes into account subspecies richness and the proportion of each subspecies in each 
area. This biodiversity index, when properly constructed, will generally result in a diversity value 
H ranging between 0 and 4. An H value of 0 indicates low community complexity, while an H 
value of 4 indicates high community complexity (Spellerberg and Fedor, 2003). 
28 The Shannon-Weaver diversity index is a biodiversity index that takes into account subspecies 
richness and the proportion of each subspecies in each area. This biodiversity index, when 
properly constructed, will generally result in a diversity value H ranging between 0 and 4. An H 
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3.24 out of 4.00. The dominant species are Utricularia aurea, Hydrilla verticillta 
and Eleocharis dulcis (Udomsri et al., 2005). 
(iii) Water quality: The WWF Greater Mekong Thailand Country Programme 
report (2006) indicates that the water quality of the lake is good. Pesticides, 
herbicides, insecticides and chemical fertilizers are found in the water, but their 
level is not above the standard level.29 
(iv) Resource use: According to the WWF Greater Mekong Thailand Country 
Program report (2006), approximately 84,000 kg of fish are caught and roughly 
30,000 kg of aquatic plants are harvested annually. Land surrounding the lake is 
in use for cultivation (approximately 1,665 ha) with about 720 ha suitable for 
paddy rice cropping during the dry season. The uncultivated area or remnant 
forest is about 8.22 ha. 
 
Existing of literature review of wetland valuation 
The literature review focuses on the 59 CE studies related to the valuation of 
wetlands. Most CE studies estimate the value of wetland ecosystem services in 
terms of biodiversity, water quality, recreation, habitat, food production, water 
regulation and raw materials, and these ecosystem services are listed in Table 4.3 
in terms of the attributes included to create choice scenarios. 
 
 
 
 
 
 
 
                                                                                                                                                              
value of 0 indicates low community complexity, while an H value of 4 indicates high community 
complexity (Spellerberg and Fedor, 2003). 
29 See Appendix 4.1. 
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Table 4.3:  Examples of ecosystem services and attributes from 59 CE studies of 
wetlands 
Ecosystem services Attributes 
1. Biodiversity 1. Number of plant and animal species 
2. Number of fish species 
3. Number of bird species 
4. Number of rare species 
5. Number of endangered species 
6. Number of endemic species 
2. Habitat 1.  Protected area 
2. Wetland area 
3. Percent of sanctuary area 
4. Preservation of currently pristine area 
6. Waterbird breeding 
7. Breeding function of fish cockle 
8. Size of fish stock 
9. Lake slide afforest station 
3. Water quality improvement 1. Organic farming 
2. Healthy aquatic plants 
3. Blue-green algae 
4. Bladder-wrack population 
5. Percent of river frontage covered 
6. Water clarity 
7. Amount of water quality improvement 
8. Quality of treatment waste water 
9. Quantity of treatment waste water 
10. Health effect 
4. Recreation 1. River accessibility 
2. Number of tourists 
3. Number of divers 
4. Recreation activities 
5. Quality of recreation 
6. Maintaining and improving angling value 
7. Increasing reef cover 
5. Water regulation/Agricultural water 1. Irrigation area 
2. Securing water for the irrigation usage and stock 
watering 
3. Providing a fair system of water allocation 
6. Disturbance regulation/Flood-Storm protection 1. Flood risk 
2. Storm protection 
7. Food production 1. Fish caught 
2. Income  from fishery 
3. Cray fish caught 
8. Raw materials 1. Charcoal production 
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Regarding the noteworthy ecosystem services and threats to the Bung 
Khong Long wetland, the possible attributes identified should focus on how to 
conserve critical ecosystem services, how to address problems related to the 
ecosystem management, and how the management of ecosystems can improve the 
supply of ecosystem services to maximize the benefits to human society over 
time. The possible attributes of the Bung Khong Long wetland are presented in 
Table 4.4. These attributes were identified through the discussions with agency 
staff and local people. The levels of the attributes for the CE were based on the 
existing literature and consultation with environmental experts.  
 
Table 4.4: Possible attributes of the Bung Khong Long wetland 
Specific concerns Ecosystem services Attributes 
Conservation Biodiversity 1. Number of fish species 
2. Number of bird species 
3. Number of endangered species 
4. Number of endemic species 
5. Number of aquatic  plant species 
Habitat 1. Percent of sanctuary area 
2. Preservation of  remnant forest area 
3.  Preservation of riparian vegetation 
Improvement Water quality 1. Organic farming 
2. Multi-storey cropping 
3.  Healthy aquatic plants 
4. Water clarity 
5. Percent of  decrease in Biochemical Oxygen 
Demand (BOD) 
6. Percent of decrease in Organochlorin (OC) 30 
Resource 
utilization 
Food production Fish catch 
Water regulation Cropping  Area 
Culture 
 
Restoring pre-historic temples 
 
                                                          
30 One of the pesticide groups such as dichlorodiphenyltrichloroethane (DDT), dicofol, 
methoxychlor, and toxaphene.  
Data collection: Choice Experiment application 
78 
 
Agency staff discussions 
Discussions with agency staff were organized in the office of the Bung Khong 
Long Non-Hunting Area, Don Sawan Island in January 2011. Environmental 
attributes of noteworthy ecosystems in the Bung Khong Long wetland were 
discussed with agency staff that is knowledgeable about the Bung Khong Long 
wetland ecosystem and the restoration effort. Special attention was paid to 
identify possible attributes for ecosystem improvement of the Bung Khong Long 
wetland. These are: 
(i) Biodiversity:  The Bung Khong Long wetland has high biodiversity of aquatic 
plant species, which constitutes about 86 percent. An increase in biodiversity of 
bird species and aquatic fauna species leads to an improvement in ecosystems in 
the Bung Khong Long wetland. 
(ii) Habitat:  The Bung Khong Long wetland has clear legislation to protect the 
non-hunting and sanctuary area. In addition, it is not possible to extend the 
sanctuary area. Moreover, it is difficult to stop local poor people from exploiting 
remnant forest for cropping. 
(iii) Water quality: Based on physical and chemical characteristics, the water 
quality of the Bung Kong Long wetland was declared to be of a good standard 
surface water quality in 2006. However, agro-chemical substances were found in 
some parts of the water surface. The Danone-Ramsar project (2005) encouraged 
farmers to use organic farming practices, but this project was unsuccessful.31 
Multi-storey cropping32 may be suitable as the mostly cultivated land surrounding 
Bung Khong Long is rubber plantation.33 Multi-storey cropping could be a virtual 
natural shelter and a filter of the water body. Besides, aquatic plants act as 
detoxionor and also an indicator of water quality. However, using aquatic plants 
for water treatment is more complex because some aquatic plants are invasive 
                                                          
31 This was the views of staff from the office of the Bung Khong Long Non-Hunting Area and the 
WWF Greater Mekong, Thailand Country Programme from discussion in January 2011. 
32 Multi-storey cropping is a way of planting a mixture of crops and trees of different heights and 
different uses at the same time on the same piece of land (Thu and Magway, 2006).  Multi-storey 
cropping contains a variety of plant species and biodiversity which it is similar to the rainforest 
ecosystems (Palathani and Neera, 2002) 
33 Multi-storey cropping for rubber plantation in Bung Khong Long can be manipulated by the 
overstorey trees valued for rubber trees, an intermediate layer of small trees (native wild plants) 
including memecylon ovatum and a diverse array of understorey indigenous herbs such as 
Calamus sps., A.galanga and A. uliginosum. 
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species. For instance, water hyacinth (Eichhornia crassipes) can remove 
suspended materials, heavy metal and cadmium, chlorine, cyanide, sulphur, 
nitrate, ammonia and phosphate from wastewater with great efficiency (de 
Casabianca and Laugier, 1995; Grodowitz et al., 1997; Ghabbour et al., 2004; El 
Zawahry and Kamel, 2004; So et al., 2003), but this is a common invasive species 
in wetland ecosystems (Nesic and Jovanovic, 2006). 
(iv) Food production: Fishery stocks of the Bung Khong Long wetland have 
increased but remain insufficient for community consumption. During the dry 
season, the area of paddy rice fields is larger than during the rainy season. 
Focus group discussions 
General discussion on environmental concerns of the Bung Khong Long wetland 
with four groups of local people in four different villages - selected randomly34 - 
was organized in each village in February 2011. A brief report of these 
discussions is as follows: 
(i) Non Suan Mon village:  Most villagers were concerned about fish stock 
depletion caused by over fishing and illegal fishing in the sanctuary area, and 
fishing during the fish spawning season and the use of fishing instruments with 
long-term adverse effects (e.g., electricity shot, and poison herbs such as 
Dabergia elliptica). 
(ii) Non Yang Kham village: Most people were concerned about decreasing fish 
stock and the encroachment of the wetland from cropping, especially during the 
dry season. 
(iii) Don Khang village: Most people were concerned about the reduction of the 
wetland area resulting from restaurants, houses and resort construction. In 
addition, some people expressed concern about their rights to use cultivated land 
                                                          
34Information about the community can be accessed relatively easily. As part of the local culture 
old people should be consulted initially. This is because old people are the local centre of 
attention.  When outsiders talk with the elders, other villagers join the discussion and then group 
discussions incidentally arise. This type of discussion provides people with the opportunity to 
freely discuss their ideas.   
Data collection: Choice Experiment application 
80 
 
connecting with the lake during the dry season.The land belonged to them before 
dyke construction in 1982.35 
(iv) Bung Khong Long village: Most people were concerned with water 
degradation caused by wastewater draining from farming practice, household 
activities and restaurant activities. Some people were also concerned about the 
status of existing aquatic plant and animal species.  
Based on the literature review, consultation with agency staff and 
discussions with villagers, the environmental attributes for the choice experiment 
were selected to exhibit biodiversity conservation, water quality improvement and 
resource usage, leading to improved ecosystem of the Bung Khong Long wetland.  
The selected attributes are the number of bird species, healthy aquatic plants, fish 
catch, cropping area, and pre-historic temples restored.  These are discussed in 
turn below. 
(i)  Number of bird species 
The selected attribute used to present biodiversity conservation is the number of 
bird species. This is because birds are one of the most diverse groups of 
ecosystem service providers, whose ecological functions are soil formation, seed 
dispersal, pollination pest control, carcass and waste disposal, nutrient deposition 
and ecosystem engineering (Sekerciouglu, 2006). Birds are mid-level consumers 
in the food chain. Birds play an important role within an ecosystem such as 
balancing the food chain by maintaining animal populations at a reasonable 
number (Endangered Species International, 2011). Therefore, birds are good 
indicators of biodiversity, since diversity of bird species could capture changes in 
ecosystems. 
 
 
                                                          
35 Dyke construction is one of His Majesty the King’s Royal Projects, where local people were 
willing to lose their cultivated land to join this project without receiving compensation. The 
objective of this project is to increase water reservoirs for consumption and irrigation. 
  
Chapter 4 
81 
 
 
(ii)  Healthy aquatic plants 
The attribute selected to display water quality improvement is the density of 
healthy aquatic plants. Although, multi-storey cropping is a suitable way to 
improve wetland ecosystems, this CE study elicits stakeholder preferences 
measuring a change in water quality through a change in the density of aquatic 
plant species.  Healthy aquatic plants are among the indicators used by wetland 
managers and researchers in the conservation and management of wetlands areas, 
in that they have an important role in terms of the physical and chemical 
environments of wetlands (Cronk and Fennessy, 2001). For example, some 
aquatic plant species are an important indicator for water quality unpolluted by 
fertilizers such as Spirogyra sps (Biller et al., 2011). Typha latifolia can remove 
organic chemicals, and other contaminants from tannery wastewater (Calheiros et 
al., 2009). 
The selected attributes employed to demonstrate resource usages are fish catch 
and cropping area: 
(iii)   Fish catch   
Abundance of fish community captures a change in wetland ecosystems or in 
other words, fish populations provide information for the relative importance of 
fish for resilient ecosystems, what ecosystem services they influence and how 
overfished or naturally fluctuating populations should be dealt with (Holmlund 
and Hammer, 1999). However, due to limited data on fish populations, the 
quantity of fish caught was selected as the attribute in terms of ecosystem services 
for food production represented to resource uses of wetland. 
(iv) Cropping area 
There is some conflict over rights to land between environmentalists and some 
farmers.36 Some farmers believe that they should have rights over the use of their 
land to grow paddy rice during the dry season, if their rice cultivation is not 
degrading the environment. Based on natural resource and environmental 
                                                          
36 Farmers were willing to lose land to join the dyke construction of His Majesty the King’s Royal 
project in 1982. 
Data collection: Choice Experiment application 
82 
 
contexts, soil quality of this area is rich with high organic matters. This is because 
this area submerges during the rainy season indicating that the area may be full of 
humus and carcass deposition. Moreover, the dominant aquatic plant in Bung 
Kong Long Lake is Utricularia aurea, which is a carnivore species or insect 
eating species and easily grows in paddy fields. Hence, it can be inferred that 
paddy rice farming practice during the dry season does not need fertilizers and 
insecticides. Increasing the cropping area was the attribute selected to represent 
resource uses of wetlands in terms of water regulation ecosystem services. 
(v)  Prehistoric temples restored:  
Due to the encroachment of wetland by houses, restaurants and resort 
construction in the riparian of water body, these building structures not only 
directly drain waste water and sewage to the lake, but their construction also 
contrasts with the traditional culture and Buddhist beliefs. To protect wetlands via 
conservation of the local traditional culture and Buddhist beliefs, restoration of 
prehistoric Buddhist temples in Don Plo Island and Don Sawan Island is one way 
to indicate that local people realize the worth of local culture, including 
conforming to local traditional culture and Buddhist belief. Hence, restoring the 
pre-historic temples was selected as an attribute to exhibit cultural resource usage 
of wetlands in terms of culture ecosystem services.  
 (vi) Payment vehicle  
In general, all projects require a mechanism to raise funds to implement the 
proposed program. This is generally known as the payment vehicle. Do and 
Bennett (2009) suggest that the selected payment vehicles should have 
applicability and relevance across the studied population, they should be 
acceptable to the respondents, and they should not be too costly and complicated 
to implement in reality. Carson and Groves (2007) point out that the payment 
vehicle used for environmental valuation must be compulsory payment methods 
such as income tax, water bills, or electricity bills. A voluntary once-off donation 
payment vehicle for reporting choice or WTP tends to yield relatively high 
reported WTP, the usual rationale being that hypothetical donations fail to 
confront respondents with real costs of overstating their enthusiasm for the 
services offered (Ivehammar, 2009). 
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However, although a donation fund has some limits, compulsory payments 
may not cover all respondents in this context. As most farm households have low 
incomes, they are not familiar with income tax. Moreover, most households do 
not pay electricity bills due to government policy (UNESCO, 2009).  
Furthermore, in some villages, drinking water is freely available. A donation fund 
is believed to be superior because almost all local people are Buddhists who are 
familiar with monetary donations and have faith on this. Thus there is less chance 
for overstating this dimension of WTP. 
 
(vii) Time delay 
Cost-benefit analysis is one tool for assessing policy in terms of sustainable 
management. Cost-benefit analysis helps decision-makers to understand the 
implications of decisions by identifying and, where appropriate, quantifying the 
favorable and unfavorable aspects of a proposed policy changes (Arrow et al., 
1996).  In cost-benefit analysis, two decisions must be made: the time frame of 
the analysis and the relative weighting of future and present values which are 
influenced by the choice of discount rate (Turpie et al., 2010). “Many 
environmental decisions have significant long-term consequences. That makes the 
discount rate a prime consideration” (Viscusi et al., 2008: 199). As there is no 
interest rate proxy for social discounting rate, two possible options exist; the 
Ramsey rule and hyperbolic discounting (Turpie et al., 2010). The Ramsey rule is 
that the discount rate would be the sum of the pure rate of time preference or the 
growth rate of income multiplied by the elasticity of the marginal utility for 
money. Hyperbolic discounting employs declining rates over time, and is 
consistent with Ramsey discounting (Sterner, 2007). Viscusi et al. (2008) 
estimated rates of time preference for water quality improvement from utility 
based on Choice Experiment (CE) and the finding suggested that the discount 
rates decline over time or discount rates for environment quality improvement 
exhibit hyperbolic discounting.  In this thesis, the time delay when ecosystem 
improvement begins has been included to estimate rates of time preference for a 
series of policy choices.  
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4.1.3  Assigning levels to attributes 
The levels of the attributes reflect a change in quality or quantity of the given 
attributes. Kosenius (2010) suggests that well-defined levels of attributes should 
concern two important issues; (i) the number of levels has to be sufficient for 
approximation of the true utility function, and (ii) the extreme ranges of levels 
would be defined outside the experienced but still reliable to respondents. In 
addition, in environmental attributes, alternatives include a price attribute or 
payment vehicle (Bennett and Blamey, 2001; Bateman et al., 2002; Hensher et 
al., 2005). Also, in this choice set, the attributes include a time delay attribute 
referring to the year when the ecosystem improvement begins.  
The levels of the attributes included were determined through a 
combination of literature review, consultation with botanists and ecologists,37 
agency staff interviews and discussions with local people. The alternatives in this 
choice experiment – the value of  ecosystem services of the Bung Khong Long 
wetland - were explained in terms of the price attribute, referring to the cost 
associated with the policy outcome and five ecosystem services referring to the 
results of ecosystem improvements and one representing the years delay when the 
wetland ecosystem improvement begins. Hence, seven attributes with twenty four 
different levels were selected for the determination of WTP to improve ecosystem 
services of the Bung Khong Long wetland. The attributes and their levels are 
summarised in table 4.5. Five attributes related to policy outcomes including bird 
species, healthy aquatic plants, fish catch, cropping area and pre-historic temples 
restored  had three levels each, time delay had six levels and cost of policy had 
three levels.  
 
The number of bird species 
Based on the WWF Greater Mekong Thailand Country Program report in 2006, 
136 bird species were recorded in the Non-Hunting Area of the Bung Khong 
Long wetland. Agency staff expected that the number of bird species would be up 
to more than 200 species, if Bung Khong Long provided a variety of food sources 
                                                          
37 The consultation took place in February 2011 at Kasetsart University, Thailand. 
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and safety habitat. Nevertheless, there are other factors affecting the number of 
bird species such as climate change which can impact on migration patterns 
(WWF International Arctic Programme, 2008). The levels of bird species for this 
study are 136 species, 200 species and 300 species. 
 
The density of healthy aquatic plants 
According to Udomsri et al. (2005), the density of aquatic plants was 
approximately 58 kg/ha. Aquatic plants in the lake are comprised of the marginal 
group (e.g., A.grossuss, M.crenata and E.dulcis growing in the shallow water near 
the edges), the emerged group  (e.g. N. nucifera and N. lotus growing  at the deep 
zone), the submerged group (e.g., U. aurea,  and H. verticillata growing  below 
the water surface from shallow water to at 2.5 m deep, Najas sps growing at 2-4.5 
m deep), and the free floating  group (e.g., Hygrorza aristata ) moved by wind. 
Botanists suggested that despite the high diversity of aquatic plants in Bung 
Khong Long, dispersion of grassmats38 may be reaching over density in the next 
few years if environmental quality continues to decline. Ecologists suggested that 
grassmats cannot be removed from the reservoir, since grassmats are habitat for 
waterfowl. Also Botanists pointed out that attempting to balance distribution and 
density of aquatic plants are reasonable. Some marginal aquatic plants (such as T. 
latifolia, A. grosuss, E.dulcis) perform functions such as water filtration and 
purification (Vymazal, 2008; Calheiros et al., 2009). While  some submerged 
plant groups can act as an indicator of water quality unpolluted by fertilizers such 
as Spirogyra sps (Biller et al., 2011) which cannot be found in Bung Khong  
Long. Also some free floating plants (such as Wolffia globosa) are a good 
indicator of water quality unpolluted by insecticides  and herbicides but are 
disappearing in Bung Khong Long. Distribution and biomass of aquatic plants in 
the reservoir indicate that agro-chemicals may mainly affect the wetland 
ecosystem services. If farmers reduce usage of agro-chemicals, distribution and 
the density of healthy aquatic plants will increase, and some aquatic plants will 
                                                          
38 Grassmats are floating a plant group mixed with rushes, shrubs such as Nepenthes mirabills, 
Lasia spinosa, Stenoclena palustris, and Melastoma malabathricumsubsp (Udomsri et al., 2005). 
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appear. It is possible that  the density of aquatic plants exclude grassmats 
approximately 60-70 kg/ha if Spirogyra Sps and Wolffia globosa appear, also 
marginal group, emerged group and other species without invasive species 
increase. The levels of density of healthy aquatic plants chosen are 50 kg/ha, 60 
kg/ha and 70 kg/ha. 
The level of fish catch 
Based on the WWF Greater Mekong Thailand Country Program report in 2006, 
the quantity of fish catch was approximately 80,000 kg/year. Agency staff 
suggests that if the ecosystem was improved, the fish population would increase 
and the optimal quantity of fish catch may increase to 100,000 kg/year. Thus, the 
levels of fish catch for this study are 80,000 kg/year, 90,000 kg/year and 100,000 
kg/year. 
 
The level of cropping area 
Based on the WWF Greater Mekong Thailand Country Program report in 2006, 
during the rainy season approximately 720 ha land was used for paddy rice 
cultivation. But during the dry season, the lake area diminishes about 5-15% 
compared to the rainy season due to a decrease in water level. The levels of 
increase in cropping area chosen for this study are 0%, 5% and 15%. 
 
The number of prehistoric temples restored 
Based on legends and beliefs of elderly people, there are two pre-historic temples 
in Don Sawan Island and Don Plo Island. Thus, the levels of prehistoric temples 
restored are 0 temple, 1 temple and 2 temples. 
 
The level of time delay 
The levels of this attribute were selected based on the literature review. Viscusi et 
al. (2008) selected levels of amount of time delay before water improvement 
begins to be realized at 0, 2, 4 or 6 years. The levels of time delay when 
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ecosystem improvement begin for this study  are 0 years, 1 year, 2 years, 3 years, 
4 years and 5 years. 
The cost levels 
The cost levels were initially determined from the prior CVM and CE studies in 
Thailand (1998-2010). Most Thai people had a willingness to pay for 
environmental conservation, annual proximately 400-900 Baht per year per 
household. The cost of the policy had three attributes which is 0 Baht, 500 Baht 
and 1,000 Baht. 
The summary of selected attributes and their levels is reported in table 4.5. 
 
Table 4.5: Attributes and levels used in choice sets 
Attributes Notation Description Levels 
Bird species Birds The number of bird species  136, 200, 300 
(species) 
Healthy aquatic 
plants 
Aquatic plants Density of healthy aquatic plant 
species without invasive species 
50, 60,70 
(kg/ha) 
Quantity of fish 
catch 
Fish Total quantity  of fish, crab and 
shrimp catch 
80,000, 90,000, 
100,000 (kg) 
Cropping area Crops Increasing the rice cultivation 
area surrounding the lake during 
the dry season 
0, 5, 15 (%) 
Temples restored Temples the number of prehistoric temples  
restored on Don Sawan Island 
and Don Plo Island  
0, 1, 2 
Time delay Time Years when fish, bird species and 
healthy aquatic plants increase 
0, 1, 2 ,3, 4, 5 
(year) 
Cost Cost A donation to Wetlandnongkhai 
organization fund per year  for 
next 5 years 
0, 500, 1,000 
(Baht/year) 
Note: Bold levels are the current situation (status quo levels) 
 
4.1.4  Experimental design 
Experiment designs involve how to create choice sets in an efficient way and how 
to combine attribute levels into alternatives and choice sets (Selassie, 2006). Two 
different design strategies can be used to create choice sets. The first, orthogonal 
designs satisfy attribute level balance and all attributes are statistically 
independent from each other. The aim of using an orthogonal design is to 
minimize the correlation between the attribute levels in the choice sets. However, 
Data collection: Choice Experiment application 
88 
 
orthogonal designs may be inefficient when complex non-linear models are 
employed to analyse discrete choice data (Scarpa and Rose, 2008; Bliemer et al., 
2009; Bliemer and Rose, 2010).  
Secondly, efficient designs can be used which generate parameter 
estimates with as small as possible standard error and try to maximize the 
information from each choice situation (Rose and Bliemer, 2006).  
Several researchers recommend efficient designs, because they are able to 
outperform orthogonal designs in the context of discrete choice experiments 
(Choice Metrics, 2011). An efficient design needs prior parameter estimates 
which can be obtained from different sources from previous studies or piloting 
(Bliemer and Rose, 2010). It can be implied that the quality of design depends on 
the precision of prior parameters. Rose and  Bliemer (2006) recommend using the 
Bayesian efficient designs to obtain more stable designs. The efficient design can 
be improved based on the prior information accessible such as knowledge of the 
sign of the parameter (Ferrini and Scarpa, 2007; Rose et al., 2008).  Bliemer and 
Rose (2010) point out that misspecification may reduce the efficiency of the 
design, but efficient designs will still tend to perform better than other designs.  
For the CE of the Bung Khong Long wetland, each choice set has two 
alternative policy options plus the status quo, with seven attributes. Six attributes 
have three levels and one has six levels. This yields a full factorial with 
19,131,876 combinations.39 To reduce the number of possible choices, the choice 
sets were created by using the efficient design procedure in Ngene (1.1). An 
optimized fractional design was used to select a subset of 24 possible 
combinations for each alternative attribute description. These 24 choice sets were 
randomly assigned to three blocks such that a single respondent would be 
confronted with eight choice sets. Hence, there were three versions of the 
questionnaire. 
 
                                                          
39 The number of  the ecosystem improvement  scenarios  that can be generate from 6 attributes 
with three levels and one with 6 levels  is (36 x 61) ) x (36 x 61) =19,131,876. 
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4.2  Questionnaire Design 
The final questionnaire, developed by experimental design and pilot survey 
contained two sections which were translated into Thai language, as shown in 
Appendix 4.3. The first section was designed to collect social-economic 
characteristics of respondents (gender, age, education occupation, household 
income, family size) and information regarding respondent attitudes about the 
environmental conservation of the Bung Khong Long wetland. These variables 
were included in the CE analysis to detect the preference heterogeneity of 
respondents. The second section briefed respondents about disturbance and 
threats to the Bung Khong Long wetland. It then explained the proposed plan for 
wetland ecosystem restoration and the outcomes of different management 
alternatives. It was outlined to respondents that the implementation plan of the 
Wetlandnongkhai Organization would require a donation fund to cover the costs 
of sewage treatment to a high standard, building a new draining system, 
establishing the center for promoting multi-storey cropping, monitoring for 
control of illegal bird and egg hunting, and fishing, developing systems to control 
wetland encroachment, and restoring temples in the community. An example of a 
choice set is presented in Figure 4.1. 
The choice sets included varied in each version of the questionnaire. Each 
questionnaire was comprised of eight choice sets with three alternatives in each 
set. Hence, in this section, the respondents could clearly comprehend the choice 
set questions. They were told that each alternative or policy was composed of 
hypothetical outcomes and they were asked to choose which policy they think 
would be best for the Bung Khong Long wetland in the future considering a 
hypothetical annual payment for five years. 
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Figure 4.1: Example of a choice set 
    Attributes Option A  Option B Option C Status Quo 
Increased cropping area surrounding 
wetland 
 
5% 15 % No change (2,663 ha) 
Quantity of fishing (kg/year)    
 
100,000 kg 90,000 kg 80,000 kg 
Density of  healthy aquatic plants (kg/ha)  
 
70  kg/ha 60  kg/ha 50   kg/ha 
Number of bird species  
 
300  species 200  species 136  species 
Number of temples restored   
 
2  temples 1 temple 0 temple 
Years when ecosystem restoration begins 
 
2 years 
from now 
3 years 
from now No change 
Donation (Baht/year) for five years 
 
500 Baht  1,000 Baht 
 
 
0 Baht 
 
 
Your preference?       
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4.3  Administrating the Survey 
The questionnaire developed in the previous section was used for a household 
survey to estimate the ecosystem service value of Bung Khong Long wetland. 
Approximately 780 participants from different households were involved in this 
project. In this study area, most local people have a low level of education. They 
are also not familiar with the exercise of selecting a preferred alternative in a 
hypothetical scenario. This condition does not favour the drop-off pick-up method 
of data collection, thus face-to-face interviews based on the questionnaire were 
conducted (Bennett and Birol, 2010).  Prior to the pilot and main survey, a 
training course for six interviewers was organised at Kasetsart University, 
Thailand in January 2012. The training course was given to the interviewers prior 
to data collection in order to minimize biases due to misinterpretation of questions 
by the interviewers. The training course consisted of a careful explanation and 
discussion of all questions and potential issues. 
4.3.1  Pre-test Survey 
To identify the possible issues in order to help questionnaire development and 
survey management for the main survey, the draft questionnaire initially 
developed from the experimental design was used for this survey. The pilot 
survey was implemented at the end of January 2012. Three teams of surveyors 
conducted face-to face-interviews with a total of 60 randomly selected households 
located in Baan Bung Khong Long village and Baan Don Klang village. Some 
interesting findings during the pre-test were:  
(i) Some younger respondents did not know about the existence of pre-
historic temples in Don Sawan Island and Don Plo Island; 
(ii) Most people were not clear about what are healthy aquatic plants; 
(iii) Due to the complexity of the CE questionnaire, most people did not 
clearly understand how to make choices. The questionnaire took an 
average of 43 minutes to complete; 
(iv) Male respondents better understood the CE questionnaire compared to 
female respondents; 
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(v) Younger people better understood the CE questionnaire compared to 
older people, but seemingly, older people were more concerned about 
environmental conservation of the Bung Khong Long wetland than 
younger people; 
(vi) Most elder females ―particularly over 85 years old― could not 
understand the CE questionnaire and could not make a choice, while 
most older males could understand the CE questionnaire and suggested 
ideas for restoring ecosystem of the Bung Khong Long wetland; and 
(vii) Most people chose the alternative with the highest level of one 
attribute based on their self-interest or chose the lowest cost or always 
chose on the basis of their preferred attribute. For example, fishermen 
selected the alternative with the higher quantity of fish catch in each 
choice set. While, the older people chose the alternative with the 
higher number of temples restored. These lexicographic responses are 
discussed in Chapter 8. 
Based on the lessons learned during the pre-test stage, the research team, the 
wetland manager, and elderly people agreed to handle these issues using the 
following strategies: 
(i) In the CE questionnaire, the choice sets and implement plans would be 
changed from the pre-historic temples in Don Sawan Island and Don 
Plo Island to temples in communities; 
(ii) Additional cards of healthy aquatic plants40 would be shown in the 
main survey; 
(iii) During interviews, surveyors would reduce task complexity by 
describing the choice task in local dialects (Laos language); 
(iv) The household heads would be first selected to interview; and 
(v) People aged more than 85 years would be excluded from the 
interviews. 
 
 
                                                          
40 Aquatic plants are well known for local people that they can exist in only clean water. An 
example card of healthy aquatic plants was presented in Appendix 4.4. 
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4.3.2  Sample selection 
Due to time and budget limits, the sample was drawn from 18 villages closer to 
the lake and 1 municipality, although communities surrounding Bung Khong 
Long wetland consists of 79 villages of 8 sub-district and 2 municipalities with 
17,049 households, as shown in Appendix 4.5. A random survey of 78041 
households surrounding the lake was carried out by using a standard questionnaire 
format exclusively designed for this purpose. 
 
4.3.3  Main Survey 
The main survey was conducted in February 2012. The population sample was 
chosen from local people between aged 18 and 85 years. Each household 
answered eight choice sets. Three teams of interviewers conducted face-to-face 
interviews. Each team consisted of two persons. As discussed in previous 
sections, there were three different versions of the questionnaire, each with 
different choice sets designed by the experimental design. The questionnaires 
were sorted into bundles of version 1, version 2 and version 3. Surveyors were 
advised to maintain this order in interviews and record the version which was 
used in each household. First, respondents were given a plain language statement, 
shown in Appendix 4.7. The statement was read to the participants (in their native 
language). And then, they were asked whether they agreed to participate in this 
project. After their consent was granted, surveyors described the choice scenarios 
with colourful cards including healthy aquatic plant cards. Respondents were 
asked to select the best option for them.  
 
 
 
 
 
                                                          
41 The design of sample size selection, as shown in Appendix 4.6. 
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4.4  Summary 
This chapter discussed the process of the CE application to capture the 
stakeholder preferences and change in welfare associated with proposed 
ecosystem restoration programs. The first step was to define the ecosystem goods 
and services to be valued in terms of attributes with their levels based on 
discussions with local people, consultation with agency staff and university 
scientists and the relevant literature. The selected  attributes related to policy 
outcomes including bird species, healthy aquatic plants, fish catch, cropping area 
and temples restored  had three levels each, time delay had six levels and cost of 
policy had three levels. The choice sets were created by efficient design procedure 
in Ngene. The resulting 24 choice sets were divided into three blocks of eight 
choice sets. The questionnaire was divided into three versions. 
The household sample was chosen from one family member aged between 
18 and 85 years and residing around the lake. A sample of 780 households from 
18 villages and one municipality were randomly selected from a total of 3,399 
households. Three teams of interviewers conducted the face-to-face interviews in 
February 2012. Each household answered eight choice sets. 
The following chapter presents the results of the analysis of the responses 
to the CE questionnaire. The findings inform the main factors affecting 
respondents’ willingness to pay for improving the ecosystem services of the Bung 
Khong Long wetland and provide estimates of implicit prices and compensating 
surplus from the wetland ecosystem improvement. 
 
 


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The previous chapter outlined the development of the CE for this thesis including 
the experimental design, the questionnaire development, and the data collection 
strategy. This chapter presents the results of the analysis of the responses to the 
CE questionnaire. The findings inform the main factors affecting respondents’ 
willingness to pay for improving the ecosystem services of the Bung Khong Long 
wetland. They also provide estimates of implicit prices for ecosystem services and 
provide estimates of the welfare implications of hypothetical policy changes. The 
aim is that these results inform Thai policy-makers of the preferences of the 
community.  The CE results presented here can also be included as data for future 
benefit transfer analysis. Hence, they can also be potentially useful in informing 
policy-makers regarding preferences for other Thai wetlands, as well as wetlands 
in other countries. 
The chapter is divided into five sections. Section 5.1 discusses the 
respondents’ socioeconomic and attitudinal characteristics. Section 5.2 presents 
the Multinominal logit model (MNL) and the Random parameter logit model 
(RPL) results. Section 5.3 reports the estimated implicit prices for the attributes of 
the choice experiment, as well as the compensating surplus and the aggregate 
willingness to pay. Section 5.4 discusses the results of RPL model estimation, the 
welfare implications of the hypothetical policy changes, and the policy 
implications of CE applications for wetland management. The chapter 
conclusions are presented in Section 5.5. 
 
5.1     Respondents’ socioeconomic and attitudinal characteristics  
A total of 780 households were interviewed. All households which were 
approached participated in the interviews resulting in a 100% response rate which 
is common in developing countries when local enumerators are employed to 
conduct interviews (Hung et al., 2007; O’Garra, 2009).  However, there were 12 
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questionnaires (approximately 1.5 per cent of the total) where respondents did not 
answer all questions and the responses were consequently unusable. For each of 
the 768 (98.5 per cent) usable questionnaires, 8 choice sets were completed. This 
included 14 (1.8 per cent) questionnaires where respondents rejected the choice 
scenarios or protested about any hypothetical ecosystem restoration program of 
the Bung Khong Long wetland. The main reasons these respondents gave for 
their rejection were that: they did not believe funds would be used correctly; 
that wetland management was the responsibility of the government and/or the 
responsibility of staff from the office of the Bung Khong Long Non-hunting 
Area and the WWF Greater Mekong Programme; and that they did not have the 
financial ability to contribute to the trust fund. Therefore, the total number of 
completed questionnaires was 768 and the number of choice sets available for 
analysis was 6,144. 
The socioeconomic and attitudinal characteristics of respondents are 
presented in Table 5.1. The proportion of men and women who answered the 
questionnaire was similar. The enumerators first tried to interview the household 
heads who were the target group of this survey. However, in some cases the 
household head was absent from home and working. The interviews were mostly 
conducted in the morning and evening to account for this likelihood. Women 
were more likely to be interviewed between 8.00 am and 6.00 pm, as generally, in 
rural economies, women mainly stay at home.  
The average age of respondents was 47 years. This is not surprising in 
many Thai rural areas. Most young people (19-35 years) relocate to big cities 
(e.g., Bangkok, Ayuthaya, Pathumthani, and Rayong) to study and/or improve 
their employment opportunities (Pansuwan, 2010). 
The annual household income of respondents ranged between 2,500 Baht 
to 300,000 Baht (US$83 to US$10,000). Most respondents were farmers and 
fishermen (73 per cent) and most did not have a university degree (88 per cent). 
The mean family size of respondents was 5 people, with an average of one child 
per household. On average, respondents had lived in the Bung Khong Long 
community approximately 34 years. 
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In this survey, attitudinal questions were aimed at exploring the personal 
views of respondents on environmental issues and revealing their underlying 
attitudes to the restorationof the Bung Khong Long wetland. Most respondents 
agreed that everyone has a duty to contribute to the protection of the Bung Khong 
Long wetland and that it is not solely the responsibility of staff from the office of 
the Bung Khong Long Non-hunting Area and the WWF Greater Mekong 
Organization, Tambon Administrative Organisation or the government. Most 
respondents considered degradation in water quality to be the most important 
issue to address, followed by depletion in fish stock, illegal hunting and fishing, 
and encroaching of the wetland by development, respectively. 
It is likely that most respondents understood the environmental issues 
facing the Bung Khong Long wetland, the need to protect the wetland, and the 
significant environmental problems in this community. This implies that local 
people had an underlying motive for supporting an environmental conservation 
program for improving the environmental quality of the Bung Khong Long 
wetland. 
However, when they were asked to specify from a list of six 
socioeconomic and environmental problems, which they considered to be “the 
most important in the community, in which the Thai government should invest 
money”, improving environmental quality of the Bung Khong Long wetland was 
not considered as the most important issue for their community. Instead, 
socioeconomic problems were the most important issues which respondents 
believed the government should invest money in to first solve these problems. 
These issues such as agricultural prices, the price of consumer goods, chemical 
fertilizer prices, and agricultural productivity are listed in Table 5.2. This finding 
was not unexpected given that most sources of household income come from 
agricultural products, the prices of which highly fluctuate, while food and factors 
of production prices have increased over time. Thus, households were generally 
more concerned with their household economy than environmental conservation.  
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Table 5.1: Socioeconomic and attitudinal definitions and descriptive statistics 
Variable name Variable Description Notation Mean Std. 
Dev. 
Min. Max. 
 
                 Socioeconomic variables 
Gender  
 
Gender of respondent 
BD =1: respondent is male 
Gen 0.49 
 
 
0.49 
 
 
0.00 
 
 
1.00 
 
 
Age Age of the respondent (year) Age 47 
 
14 
 
18 
 
89 
 
Income  Household income (Baht/year) Inc 13,378 
 
9,502 
 
2,500 
 
300,000 
 
Career 
 
Career of respondent  
BD =1:  respondent is farmer or 
fisherman  
Crr 0.73 
 
 
0.44 
 
 
0.00 
 
 
1.00 
 
 
Education 
 
Education levels of respondent 
BD =1:  education is less than  
bachelor degree   
Edu 0.88 
 
 
0.33 
 
 
0.00 
 
 
1.00 
 
 
Family size Number of members living in the 
same house 
Fa 5 
 
2 
 
2.00 
 
8.00 
 
Number of 
children 
 
The number of children under 18 
years living in the same house 
Kid 1 
 
 
1 
 
 
0.00 
 
 
5.00 
 
 
Years of living 
 
Years respondent living in Bung 
Khong Long community  
Liv 34 
 
 
17 
 
 
1 
 
 
89 
 
 
                Attitudinal variables 
Wetland 
protector 
 
The people have a duty to protect 
wetland  
BD =1:  Study is everyone  
Ev 0.54 
 
 
0.48 
 
 
0.00 
 
 
1.00 
 
 
Concern water 
quality problem 
 
The problems considered to be 
the most important to address; 
 BD =1:  Study is water quality 
degradation  
Wq 0.45 
 
 
 
0.49 
 
 
 
0.00 
 
 
 
1.00 
 
 
 
Concern fish 
stock problem 
 
The problems considered to be 
the most important to address; 
BD =1:  Study is fish stock  
depletion 
Fs 0.41 
 
 
 
0.49 
 
 
 
0.00 
 
 
 
1.00 
 
 
 
Concern 
encroaching 
wetlands 
 
The problems considered to be 
the most  important to address; 
 BD =1:  Study is encroaching 
wetland  
En 0.05 
 
 
 
0.17 
 
 
 
0.00 
 
 
 
1.00 
 
 
 
Concern illegal 
hunting and 
fishing 
 
The problems considered to be 
the most important to address: 
BD =1:  Study is illegal hunting 
and fishing  
Il 0.09 
 
 
 
 
0.24 
 
 
 
 
0.00 
 
 
 
 
1.00 
 
 
 
 
Note:  BD denotes a binary variable. US$ 1 : 30 Baht. 
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Table 5.2: Ranking of social and environmental problems in the  
Bung Khong Long community 
Problems Rank 
Increase in agricultural prices 44.50% (1) 
Decrease in consumer good  prices       29.36% (2) 
Decrease in chemical fertilizer prices 16.28% (3) 
Increase in agricultural productivity 10.68% (4) 
Farmer’s Debt Moratorium   7.55% (5) 
Increasing subsidised income for old and disable people  2.10% (6) 
Improving environmental quality of the Bung Khong Long wetland 1.95% (7) 
 
To summarise, nearly half of the respondents were male, most respondents were 
middle-aged, low income, smallholder farmers with an education level below a 
bachelor degree, with an average family size of five people and one child. In their 
opinion, everyone had a duty to protect the Bung Khong Long wetland. More than 
45 per cent of the total respondents were aware of the environmental problems of 
the Bung Khong Long wetland that “water quality should be the first one to 
restore”, if water was clean and everyone respected rules, then fish stock and bird 
species would increase. However, respondents’ main concern was their uncertain 
income which is dependent on agricultural prices. In contrast to income which is 
variable, household expenditure tends to increase over time due to an increase in 
consumer and factors of production prices. Yet, it is possible that respondents 
may support the wetland ecosystem restoration programs relative to continuing 
the current situation, as environmental quality of the wetland directly and 
indirectly affects their household economy and their quality of life.  
 
5.2      Model specification  
The CE method assumes that  the observable utility function follows a strictly 
additive form. The model is specified so that selecting a particular wetland 
restoration programme becomes a function of the attributes of that programme 
and of the alternative specific constant, or ASC (Birol and Cox, 2007). There are 
three indirect utility functions generated by the hypothetical wetland ecosystem 
restoration programmes. Alternative 3 is the status quo and alternatives 1 and 2 
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entail a restoration in  five  ecosystem service attributes (crops, fish, aquatic 
plants, birds and temples and one cost attribute, as well as one time delay 
attribute) relative to the status quo. These alternatives are regarded as 
hypothetical outcomes of policies. Each utility function is determined by the level 
of the attributes in the choice set. The relationship between utility and attributes is 
assumed to be linear  parameters and variables (Birol et al., 2006). The 
attributes with three levels (% of increasing the cropping area surrounding the 
lake, quantity of fish catch, density of healthy aquatic plants, number of bird 
species and number of temples restored) and the time delay attribute with six 
levels (yearswhen ecosystem improvement begins) all enter the utility function. 
The models used for the choice set data analysis are the Multinominal 
logit model (MNL) and the Random parameter logit model (RPL). These are 
estimated usingNLOGIT 5.0 LIMDEP 10. 
  
5.2.1 Multinominal logit model  (MNL) model results 
The MNL model has been popularly applied in discrete choice modelling(Alpizar 
et al., 2001). It was noted in Chapter 3 that this model assumes that the stochastic 
component of the model is independently and identically distributed (IID) with a 
Gumbel distribution (Hanley et al., 2001). The errors are also assumed to satisfy 
the IIA condition, i.e., that they are independent from irrelevant alternatives. A 
violation of this condition means that the MNL results will be biased and, hence, 
an alternative discrete choice model should be chosen. 
Two different MNL models were estimated; the results are presented in 
Table 5.3. The first model is the basic MNL model representing the importance of 
the choice set attributes in describing the respondents’ preferences for the three 
different wetland ecosystem restoration alternatives in a choice set: status quo 
(sq) or no change and two alternatives of changes (alt1, alt2). The specification of 
this model is as follows: 
௦ܸ௤ ൌ Eଵ ൅ Eଶ݂݅ݏ݄൅Eଷܽݍݑܽݐ݅ܿ݌݈ܽ݊ݐݏ൅Eସܾ݅ݎ݀ݏ ൅ Eହݐ݁݉݌݈݁ݏ൅E଺ݐ݅݉݁൅E଻ܿ݋ݏݐሺͷǤͳሻ 
௔ܸ௟௧ଵ ൌ ܣܵܥଵ ൅ Eଵ ൅ Eଶ݂݅ݏ݄൅Eଷܽݍݑܽݐ݅ܿ݌݈ܽ݊ݐݏ൅Eସܾ݅ݎ݀ݏ൅Eହݐ݁݉݌݈݁ݏ൅E଺ݐ݅݉݁൅E଻ܿ݋ݏݐሺͷǤʹሻ 
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௔ܸ௟௧ଶ ൌ ܣܵܥଶ ൅ Eଵ ൅ Eଶ݂݅ݏ݄൅Eଷܽݍݑܽݐ݅ܿ݌݈ܽ݊ݐݏ ൅ Eସܾ݅ݎ݀ݏ ൅ Eହݐ݁݉݌݈݁ݏ൅E଺ݐ݅݉݁൅E଻ܿ݋ݏݐሺͷǤ͵ሻ 
 
Where E1 to E7 represent the coefficients explaining attributes associated with the 
wetland ecosystem restoration programmesǤ 
Prior studies have found that the inclusion of socioeconomic attributes 
improves the accuracy of choice models. Accordingly, the second model that was 
estimated was the Interaction MNL Model which includes socioeconomic and 
attitudinal characteristics interacted with the ASC. These are considered 
important factors in detecting heterogeneity (Morrison et al., 1999; Rai and 
Scarborough, 2012). The specification of this model is shown in equations (5.4), 
(5.5), and (5.6). 

௦ܸ௤ ൌ Eଵ൅Eଶ݂݅ݏ݄൅Eଷܽݍݑܽݐ݅ܿ݌݈ܽ݊ݐݏ൅Eସܾ݅ݎ݀ݏ൅Eହݐ݁݉݌݈݁൅E଺ݐ݅݉݁൅E଻ܿ݋ݏݐ൅Jଵሺ
 כ ሻ ൅ Jଶሺ כ ሻ
൅ Jଷሺ כ ሻ ൅Jସሺ כ ሻ ൅ Jହሺ כ ሻ൅ J଺ሺ	 כ ሻ ൅ J଻ሺ כ ሻ
൅ J଼ሺ כ ሻ ൅ Jଽሺ כ ሻ ൅ Jଵ଴ሺ כ ሻ ൅ Jଵଵሺ	 כ ሻ ൅ Jଵଶሺ כ ሻ
൅ Jଵଷሺ כ ሻሺͷǤͶሻ 
௔ܸ௟௧ଵ ൌ ܣܵܥଵ ൅ Eଵݏ ൅ Eଶ݂݅ݏ݄൅Eଷܽݍݑܽݐ݅ܿ݌݈ܽ݊ݐݏ൅Eସܾ݅ݎ݀ݏ൅Eହݐ݁݉݌݈݁ݏ൅E଺ݐ݅݉݁൅E଻ܿ݋ݏݐ ൅Jଵሺ
 כ ܣܵܥଵሻ
൅ Jଶሺ כ ܣܵܥଵሻ ൅ Jଷሺ כ ܣܵܥଵሻ ൅Jସሺ כ ܣܵܥଵሻ ൅ Jହሺ כ ܣܵܥଵሻ൅ J଺ሺ	 כ ܣܵܥଵሻ
൅ J଻ሺ כ ܣܵܥଵሻ ൅ J଼ሺ כ ܣܵܥଵሻ ൅ Jଽሺ כ ܣܵܥଵሻ ൅ Jଵ଴ሺ כ ܣܵܥଵሻ ൅ Jଵଵሺ	 כ ܣܵܥଵሻ
൅ Jଵଶሺ כ ܣܵܥଵሻ ൅ Jଵଷሺ כ ܣܵܥଵሻሺͷǤͷሻ 
௔ܸ௟௧ଶ ൌ ܣܵܥଶ ൅ Eଵ൅Eଶ݂݅ݏ݄൅Eଷܽݍݑܽݐ݅ܿ݌݈ܽ݊ݐݏ൅Eସܾ݅ݎ݀ݏ൅Eହݐ݁݉݌݈݁ݏ൅E଺ݐ݅݉݁൅E଻ܿ݋ݏݐ൅Jଵሺ
 כ ܣܵܥଶሻ
൅ Jଶሺ כ ܣܵܥଶሻ ൅ Jଷሺ כ ܣܵܥଶሻ ൅Jସሺ כ ܣܵܥଶሻ ൅ Jହሺ כ ܣܵܥଶሻ ൅ J଺ሺ	 כ ܣܵܥଶሻ
൅ J଻ሺ כ ܣܵܥଶሻ ൅ J଼ሺ כ ܣܵܥଶሻ ൅ Jଽሺ כ ܣܵܥଶሻ ൅ Jଵ଴ሺ כ ܣܵܥଶሻ ൅ Jଵଵሺ	 כ ܣܵܥଶሻ
൅ Jଵଶሺ כ ܣܵܥଶሻ ൅ Jଵଷሺ כ ܣܵܥଶሻሺͷǤ͸ሻ 
 
Where J1 to J13 are the coefficients explaining socioeconomic and attitudinal 
characteristics interactions with ASC. Note that in this specification there are no 
cross-effects. That is, the specification assumes that each attribute acts 
independently on the respondents’ utility. 
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For the basic MNL model (column 1 of Table 5.3), the McFadden Pseudo-
U2 has a value of 0.292. This is considered to be a ‘good’ fitting model.42 The 
Interaction MNL Model (column 2 of Table 5.3) improves the fit with a higher 
Pseudo-U2 value and log-likelihood ratio than the basic MNL model. The ASC43 
in the basic MNL model is negative and significant indicating that there is some 
degree of status quo bias, or in other words, respondents would prefer a “no cost 
or no change” plan over either of the ecosystem restoration alternatives. The ASC 
in the Interaction MNL Model is statistically insignificant.  
All five coefficients of the wetland ecosystem restoration attributes are
consistently positive and highly statistically significant in both the basic MNL 
Model and Interaction MNL Model. This indicates that respondents prefer a larger 
cropping area, increased fish catch, healthier aquatic plants, more bird species, 
and the restoration of temples. The most important wetland ecosystem restoration 
attribute is the temple attribute, followed by cropping area, healthy aquatic plants, 
bird species, and fish catch.  
Cost and Time delay are statistically significant in both the basic MNL 
Model and the Interaction MNL Model. The negative sign on the payment 
coefficient suggests that utility falls if a choice set is chosen with a higher 
payment level. The sign of the time delay coefficient is negative, suggesting that 
respondents do not prefer to wait a long time before wetland ecosystem 
restoration commences.  
The coefficients on gender,career, income, education, and years of living 
are  consistently positive and statistically significant in the Interaction MNL 
Model indicating that respondents who are males, higher income earners,farmers 
and fishermen, don’t have a bachelor degree and have lived a longer time in Bung 
Khong Long community, prefer “wetland ecosystem restoration options moving 

42 A model with a value of Pseudo-U2  between 0.2 and 0.4 is considered to have an extremely 
good fit (see Hensher and Johnson, 1981). 
43 There is, however, an issue in the literature about the correct interpretation of the ASC. 
Specifically, the question is whether the ASC should be seen as an econometric way of 
quantifying the average effect on utility of all factors that are not included in the model, or 
whether it reflects behaviour and can be interpreted as the utility of the status quo alternative 
(Train, 2003).
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away from status quo” more frequently than respondents who are females, lower 
income, notfarmers and fishermen, hold a bachelor or higher degree, and lived a 
shorter time in this community. While, the coefficients on age, family size and 
number of children are consistently statistically insignificant indicating that 
respondent’s age, family size and number of children does not affect the 
probability of choosing one of the changes options over the current situation.  
In the Interaction MNL Model, the sign on the wetland protector 
coefficient is negative and statistically significant. This result suggests that 
respondents who believe that everyone has a duty to protect wetland are more 
likely to choose the no-change plan or the current policy. The coefficients for 
“concern water quality”, “concern fish stock” and “concern illegal hunting & 
fishing” are positive and statistically significant. This suggests that respondents 
who have “concern about degradation in water quality”, “depletion in fish stock” 
and “illegal hunting & fishing” more frequently choose an alternative for change 
over the current situation. The coefficient on “concern encroaching” wetland is 
negative and statistically significant indicating that respondents who worry about 
the encroaching wetland problem prefer to choose the no-change policy option. 
In order to test the whether the MNL model violates the IIA property, a 
Haussmann test was performed for these data sets. However, it was found that 
these datasets do not support  the test, in that a non-positive definite matrix error 
is returned. Therefore, a different argument is needed to justify the use of RPL is 
warranted. 
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Table 5.3: Results of MNL models 
Variables Basic MNL model Interaction MNL Model 
ASC -.072** -.022 
(0.028) (0.027) 
Crops .051*** .036*** 
(0.003) (0.003) 
Fish  .00005*** .00003*** 
(0.000003 ) (0.000003) 
Aquatic plants .004*** .002*** 
(0.001) (0.001) 
Birds .002*** .001*** 
(0.003) (0.001) 
Temples .375*** .209*** 
(0.028) (0.029) 
Time delay -.039** -.128*** 
(0.018 ) (0.018) 
Cost -.0002*** -.001*** 
  (0.00005) (0.00005) 
ASC*gender .305* 
(0.161) 
ASC*age .006 
(0.006) 
ASC*income .00002* 
(0.000009) 
ASC*career .343* 
(0.198) 
ASC*education .930*** 
(0.219) 
ASC* family size .057 
(0.046) 
ASC*years of living .015*** 
(0.006) 
ASC*number of kids -.028 
(0.098) 
ASC* wetland protector -.533*** 
(0.165) 
ASC*concern water quality .956*** 
(0.245) 
ASC*concern fish stock .388* 
(0.212) 
ASC*concern illegal hunting & fishing .924*** 
(0.308) 
ASC*concern encroaching  -.585** 
  (0.274) 
Summary statistics   
Log-likelihood -4775 -4561 
McFadden Pseudo-U2 .292 .324 
No coefficients U2 .292 .324 
Constants only U2 .029 .073 
Number of respondents/ observations 768/6,144 768/6,144 
Notes: Figure in the brackets are standard errors.  *,**, ***, denote statistical significance at the 
10%, 5% and 1% levels, respectively. 
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5.2.2 Random parameter logit (RPL) model results 
RPL models were estimated in order to relax the IIA property and to further 
explore heterogeneity in respondents’ preferences.44 The RPL model estimation 
in this thesis follows the steps recommended by Hensher et al. (2005), with all 
parameters of attributes except the cost parameter initially considered as random 
parameters.45 Then, the model was re-estimated with parameters which had 
statistically insignificant standard deviations included as non-random 
parameters.46 The model was estimated numerous times assuming different 
distributions and their combinations. The RPL models were estimated by 
selecting 1,000 random draws and normal distributions for the random 
parameters.47 Two different RPL models are presented.  
The first model is the basic RPL model (RPL Model I) representing the 
importance of the choice set attributes in explaining the respondents’ preferences 
for the three different wetland ecosystem restoration alternatives in a choice set: 
status quo (sq) or no change and two alternatives of changes (alt1, alt2), as 
follows: 
௦ܸ௤ ൌ E௠௘௔௡ଵܿݎ݋݌ݏ ൅ E௠௘௔௡ଶ݂݅ݏ݄൅E௠௘௔௡ଷܽݍݑܽݐ݅ܿ݌݈ܽ݊ݐݏ൅E௠௘௔௡ସܾ݅ݎ݀ݏ൅E௠௘௔௡ହݐ݁݉݌݈݁ݏ ൅ E௠௘௔௡଺ݐ݅݉݁ 
൅E௠௘௔௡଻ܿ݋ݏݐ൅Eௌௗ௧Ǥܾ݅ݎ݀ݏሺͷǤ͹ሻ 
௔ܸ௟௧ଵ ൌ ܣܵܥଵ ൅ E௠௘௔௡ଵܿݎ݋݌ݏ ൅ E௠௘௔௡ଶ݂݅ݏ݄൅E௠௘௔௡ଷܽݍݑܽݐ݅ܿ݌݈ܽ݊ݐݏ൅E௠௘௔௡ସܾ݅ݎ݀ݏ ൅ E௠௘௔௡ହݐ݁݉݌݈݁ݏ
൅ E௠௘௔௡଺ݐ݅݉݁൅E௠௘௔௡଻ܿ݋ݏݐ൅Eௌௗ௧Ǥܾ݅ݎ݀ݏሺͷǤͺሻ 
   

44 The IIA condition requires very restrictive substitution patterns. The benefit of the RPL model 
is that instead of forcing coefficients to be fixed between respondents, the RPL allows the 
estimated coefficients to vary randomly between respondents (see McFadden and Train, 1997). 
RPL allows very general substitution patterns. The RPL relaxes the assumption that all 
respondents assign the same value to all attributes. 
45 It is standard practice to treat cost as a non-random parameter. This makes it easier to calculate 
willingness to pay (see Section 5.3 below) and it also forces the price variable to have a negative 
coefficient for all respondents. 
46 If the coefficient for the standard deviation of an attribute is not statistically significant, then we 
can conclude that preferences for that attribute do not vary significantly within the population of 
respondents.  
47 It was noted in Chapter 3 that in order to estimate an RPL, it is necessary to make an assumption 
regarding the distribution of preferences for each attribute. Typically, this distribution is assumed 
to be either normal or log normal (other distributions include uniform and triangular). Studies in 
the field often find that a normal distribution works best in terms of getting the model to converge. 
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௔ܸ௟௧ଶ ൌ ܣܵܥଶ ൅ E௠௘௔௡ଵܿݎ݋݌ݏ ൅ E௠௘௔௡ଶ݂݅ݏ݄൅E௠௘௔௡ଷܽݍݑܽݐ݅ܿ݌݈ܽ݊ݐݏ൅E௠௘௔௡ସܾ݅ݎ݀ݏ ൅ E௠௘௔௡ହݐ݁݉݌݈݁ݏ
൅ E௠௘௔௡଺ݐ݅݉݁൅E௠௘௔௡଻ܿ݋ݏݐ൅Eௌௗ௧Ǥܾ݅ݎ݀ݏሺͷǤͻሻ 
              
Where Emean1 to Emean7 are the vectors of the mean population coefficients 
explaining attributes and ESdt. denote the vectors of individual deviation 
coefficients capturing random, unconditional and unobserved heterogeneity 
(Grosjean and Kontoleon, 2009). 
However, if the basic RPL model fails to detect the sources of unobserved 
preference heterogeneity around the means of the random parameters, the model 
can be improved by including interactions of respondents’ socioeconomic and 
attitudinal characteristics with the ASC and specific attributes (Revelt and Train, 
1998;  Birol et al., 2006; Giobov et al.,  2012). 
RPL Model II includes socioeconomic and attitudinal characteristics 
interacted with the ASC in order to explore unobserved heterogeneity. This can 
help the RPL model to attain preference variation in terms of both unconditional 
tested heterogeneity (random heterogeneity) and individual characteristics 
(conditional heterogeneity). This helps to improve model fit (Revelt and Train, 
1998; Morey and Rossman, 2003; Kontoleon, 2003; Birol et al., 2006; Giobov et 
al., 2012), as shown in equations (5.10), (5.11), and (5.12). 

௦ܸ௤ ൌ E௠௘௔௡ଵܿݎ݋݌ݏ൅E௠௘௔௡ଶ݂݅ݏ݄൅E௠௘௔௡ଷܽݍݑܽݐ݅ܿ݌݈ܽ݊ݐݏ൅E௠௘௔௡ସܾ݅ݎ݀ݏ൅E௠௘௔௡ହݐ݁݉݌݈݁ݏ൅E௠௘௔௡଺ݐ݅݉݁൅E௠௘௔௡଻ܿ݋ݏݐ    
൅Eௌௗ௧Ǥܾ݅ݎ݀ݏ൅Jଵሺ
 כ ሻ ൅ Jଶሺ כ ሻ ൅ Jଷሺ כ ሻ ൅Jସሺ כ ሻ ൅ Jହሺ כ ሻ൅ J଺ሺ	 כ ሻ
൅ J଻ሺ כ ሻ ൅ J଼ሺ כ ሻ ൅ Jଽሺ כ ሻ ൅ Jଵ଴ሺ כ ሻ ൅ Jଵଵሺ	 כ ሻ
൅ Jଵଶሺ כ ሻ ൅ Jଵଷሺ כ ሻሺͷǤͳͲሻ 
௔ܸ௟௧ଵ ൌ ܣܵܥଵ ൅ E௠௘௔௡ଵܿݎ݋݌ݏ൅E௠௘௔௡ଶ݂݅ݏ݄൅E௠௘௔௡ଷܽݍݑܽݐ݅ܿ݌݈ܽ݊ݐݏ൅E௠௘௔௡ସܾ݅ݎ݀ݏ൅E௠௘௔௡ହݐ݁݉݌݈݁ݏ൅E௠௘௔௡଺ݐ݅݉݁ 
൅E௠௘௔௡଻ܿ݋ݏݐ ൅ Eௌௗ௧Ǥܾ݅ݎ݀൅Jଵሺ
 כ ܣܵܥଵሻ ൅ Jଶሺ כ ܣܵܥଵሻ ൅ Jଷሺ כ ܣܵܥଵሻ ൅Jସሺ כ ܣܵܥଵሻ ൅ Jହሺ כ ܣܵܥଵሻ
൅ J଺ሺ	 כ ܣܵܥଵሻ ൅ J଻ሺ כ ܣܵܥଵሻ ൅ J଼ሺ כ ܣܵܥଵሻ ൅ Jଽሺ כ ܣܵܥଵሻ ൅ Jଵ଴ሺ כ ܣܵܥଵሻ
൅ Jଵଵሺ	 כ ܣܵܥଵሻ ൅ Jଵଶሺ כ ܣܵܥଵሻ ൅ Jଵଷሺ כ ܣܵܥଵሻሺͷǤͳͳሻ 
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௔ܸ௟௧ଶ ൌ ܣܵܥଶ ൅ E௠௘௔௡ଵܿݎ݋݌ݏ൅E௠௘௔௡ଶ݂݅ݏ݄൅E௠௘௔௡ଷܽݍݑܽݐ݅ܿ݌݈ܽ݊ݐݏ൅E௠௘௔௡ସܾ݅ݎ݀ݏ൅E௠௘௔௡ହݐ݁݉݌݈݁ݏ൅E௠௘௔௡଺ݐ݅݉݁ 
൅E௠௘௔௡଻ܿ݋ݏݐ ൅ Eௌௗ௧Ǥܾ݅ݎ݀ݏ൅Jଵሺ
 כ ܣܵܥଶሻ ൅ Jଶሺ כ ܣܵܥଶሻ ൅ Jଷሺ כ ܣܵܥଶሻ ൅Jସሺ כ ܣܵܥଶሻ
൅ Jହሺ כ ܣܵܥଶሻ ൅ J଺ሺ	 כ ܣܵܥଶሻ ൅ J଻ሺ כ ܣܵܥଶሻ ൅ J଼ሺ כ ܣܵܥଶሻ ൅ Jଽሺ כ ܣܵܥଶሻ
൅ Jଵ଴ሺ כ ܣܵܥଶሻ ൅ Jଵଵሺ	 כ ܣܵܥଶሻ ൅ Jଵଶሺ כ ܣܵܥଶሻ
൅ Jଵଷሺ כ ܣܵܥଶሻሺͷǤͳʹሻ 
 
Where J1 to J13 are vectors of the coefficients explaining the socioeconomic and 
attitudinal characteristics interactions with the ASC. 
As was the case with the RPL model results, it can be seen from Table 5.4 
that the results reveal that in the basic RPL model (RPL Model I), the mean 
population coefficients of the ecosystem restoration attribute parameters (crops, 
fish, aquatic plants, birds, and temples) have positive and statistically significant 
coefficients. The mean population coefficients of the payment and time delay 
attribute parameters are negative and statistically significant. Nevertheless, the 
derived standard deviations of random parameters are statistically insignificant 
implying that the basic RPL model finds little evidence of heterogeneity in 
preferences. RPL Model II improves the fit of the model with a higher log-
likelihood and Pseudo-U2 value than the RPL basic model. The statistically 
significant derived standard deviation for the bird attribute indicates that 
respondents have heterogeneous preferences over this attribute. In other words, 
the data supports choice specific unconditional unobserved heterogeneity for the 
bird attribute.  
In line with the basic RPL model and RPL Model II estimation, the mean 
effects of all attribute parameters are highly statistically significant. This implies 
that respondents prefer more cropping area, increase in fish catch, higher density 
of healthy aquatic plants, more bird species, more temples, lower cost, and a 
shorter waiting time associated with wetland ecosystem restoration to commence.  
The coefficients on gender, income, education, and years of living in the 
region are positive and statistically significant in RPL Model II. This means  that 
respondents who are male, have higher incomes, have education below a bachelor 
degree and have been living in the region for a longer time prefer the change 
alternatives, moving away from the status quo. In other words, they prefer 
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improvement of the environmental quality of the Bung Khong Long wetland. 
While respondent’s age, career, family size and number of children are not 
statistically significant. This can be interpreted to mean that these factors do not 
affect the probability of choosing one of the change alternatives over the status 
quo option. 
Respondents who believe that “everyone has a duty to protect wetland” 
are more likely to prefer the no-change or status quo option. Respondents who are 
concerned about “degradation in water quality” are the most likely to choose the 
wetland ecosystem restoration options over the no-change situation, followed by 
“concern illegal hunting and fishing”, and “depletion in fish stock”.  Respondents 
who are concerned about “encroaching wetland” are more likely to prefer the 
status quo over the change alternatives. 
It can be seen that both the MNL and RPL models produce quite similar 
results in terms of the magnitudes of the coefficients, the signs of relationships, 
and the levels of statistical significance. Moreover, the Pseudo-U2 and log-
likelihood value of the RPL models is rather similar to that of the MNL models. 
Thus, Swaite-Louviere likelihood tests were applied in order to compare model 
superiority. This thesis follows the steps suggested by Rolfe et al. (2000). 
Comparison is made between the calculated F2 value and the associated critical 
values of the F2 distribution. The F2 value is calculated by the following formula: 
F2 =-2(LL1-LL2)                             (5.13) 
Where LL1 denotes the log-likelihood in the MNL with interactions (Interaction 
MNL Model) and LL2 is the log-likelihood in the RPL with interactions (RPL 
model II). 
The calculated F2 value is 4.28, while the critical F2 value is 3.84 with one 
degree of freedom which is the difference in the number of parameters estimated 
in the two models: Interaction MNL Model  has 21 parameters and RPL model II 
has 22 parameters. The calculated F2 value is greater than the critical F2 value 
indicating that RPL model II is a better fit than Interaction MNL Model. In 
addition, the state-of-the art application of RPL in diverse fields suggests that this 
model is a better fit than MNL and the  CLM model in terms of overall fit and 
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welfare estimates (Carlson et al., 2003; Morey and Rossman, 2003; Birol et al., 
2006; Goibov et al., 2012). Therefore, the results from the RPL Model II will be 
used for further consideration and welfare calculations, as this model captures 
respondents’ preference variation in terms of both unconditional tested
heterogeneity and individual characteristics.  
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Table 5.4: Results of RPL Models 
Variables Model I Model II 
 Mean Sdt. Mean Sdt. 
ASC -.074**  -.023  
 (0.028)  (0.032)  
Crops .051***  .042***  
 (0.003)  (0.005)  
Fish  .00005***  .00004***  
(0.000003)  (0.000004)  
Aquatic plants .004***  .002***  
(0.001 )  (0.005)  
Birds .002*** .016 .001*** .009* 
(0.001) (0.002) (0.003) (0.003) 
Temples .383***  .247***  
(0.031)  (0.039)  
Time delay -.039**  -.145***  
(0.018)  (0.023)  
Cost -.0002***  -.001***  
(0.00005)  (0.00008)  
ASC*gender   .331**  
   (0.169)  
ASC*age    .008  
   (0.007)  
ASC*income  .00002**  
 (0.00001)  
ASC*career  .336  
 (0.207)  
ASC*education  .975***  
 (0.233)  
ASC* family  .013  
 (0.050)  
ASC*years of living  .017***  
 (0.006)  
ASC*number of kids  -.020  
 (0.103)  
ASC* wetland protector  -.552***  
 (0.173)  
ASC*concern water quality  1.040***  
 (0.258)  
ASC*concern fish stock  .462**  
 (0.224)  
ASC*concern illegal hunting & fishing  1.009***  
 (0.325)  
ASC*concern encroaching wetlands  -.554*  
   (0.296)  
                                                                          
Log-likelihood -4774  -4558  
McFadden Pseudo-U2 .293  .325  
No coefficients U2 .293  .325  
Constants  only U2 .029  .073  
Chi Square  3952  4382  
Number of respondents/ observations 768/6,144  768/6,144  
Notes: Figures in the brackets are standard errors. *, **, ***, denote statistically significant at the 10%, 5% 
and 1% levels, respectively. 
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5.3      Estimation of Willingness to pay 
5.3.1  Implicit prices (marginal willingness to pay, WTP) 
Implicit prices or WTP for each wetland ecosystem restoration attribute were 
calculated from equation 3.25 in Chapter 3 using parametric bootstrapping from 
the unconditional parameters estimates using 1,000 replications (Krinsky and 
Robb, 1986). The implicit prices and confidence intervals are presented in Table 
5.5.   
The results indicate that the highest marginal willingness to pay is for the 
temple attribute followed by cropping area, healthy aquatic plants, bird species, 
and fish catch. Ceteris paribus, respondents would be willing to pay about 375 
Baht48 (US$ 12.51) per annum for an additional restored temple, about 64 Baht 
(US$ 2.18) per annum for a one per cent increase in cropping area, approximately 
3 Baht (US$ 0.12) per annum for one kg/rai additional density of healthy aquatic 
plants, roughly 1 Baht (US$ 0.017) per annum for an extra bird species and about 
0.06 Baht (US$ 0.002) per annum for a one kilogram increase in fish catch. 
However, households derived negative value from waiting one year for ecosystem 
improvement to commence. 
The estimates of the implicit prices suggest that the most important 
attribute is the culture as reflected in preferences for temples.   
  

48US$ 1: 30 Baht. 
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Table 5.5: WTP for wetland ecosystem restoration programme  
Attributes Ecosystem services RPL Model II 
  Baht/annum US$/annum 
Crop Water regulation 63.55*** 
(46.82 to 80.29) 
2.118*** 
(1.560 to 2.678) 
Fish  Food production .06*** 
(.05 to .07) 
.002*** 
(.001 to .002) 
Healthy aquatic 
plants 
Water quality 
improvement 
3.44*** 
(1.85 to 5.04) 
.12*** 
(.062 to .168) 
Bird  Biodiversity .51** 
(.18 to .83) 
.017** 
(.006 to .027) 
Temples  Culture 375.42*** 
(242.64 to 508.20) 
12.514*** 
(8.088 to 16.940) 
Time delay  -221.03** 
(-298.03 to -144.03) 
7.368** 
(-9.933 to -4.800) 
Notes: Figures in brackets are 95% confidence intervals, calculated using the Krinsky and Robb 
(1986) bootstrapping procedure. *, **, ***, denote statistically significant at the 10%, 5% and 1% 
levels, respectively. 
 
 
5.3.2 Welfare implications   
Compensating surplus (CS)(Mean WTP ) 
Implicit prices cannot provide estimates of the compensating surpluses (CS) that 
are typically applied with cost-benefit analysis, as the ecosystem attributes of 
changes from the status quo cannot capture all the reasons why respondents  
choose an alternative that results in an improvement in wetland ecosystem 
services (Bennett and Blamey, 2001). In order to estimate the respondents’ CS for 
improvements in the wetland ecosystem programme over the status quo, two 
alternatives were created. 
x Current scenario, status quo:16,664 rai of cropping area (0% increase of 
cropping area), 80,000 kg of  fish catch,  31049 kg/rai of healthy aquatic 
plants, 136 bird species , and no temple restored. 
 

49 Note that this is the Thai equivalent conversion. In Chapter 4, Table 4.5, the attribute level for 
healthy aquatic plants was expressed as kg/ha. Here it is expressed as kg/rai.  
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At the current situation (illustrated in Figure 5.1), land surrounding the lake is 
mostly used for rubber plantations (single cropping) which intensively use 
chemical fertilizers and pesticides. This allows agricultural chemical pollutants to 
easily runoff into the water body. Reservoir resource uses involve extensive 
fishing and harvesting of aquatic plants. Moreover, the lake is disturbed and 
threatened by various factors such as waste water from household activities, 
illegal bird hunting, and community expansion. These have led to degradation in 
the water quality, reduced fish stocks, decline in biodiversity, and they have also 
impacted on households and overall quality of life. 
Hypothetical mechanisms for improving wetland ecosystems including 
enriching the quality of life of the local people are: 
 
(1) Treating of sewage to a high standard  
(2) Building a new drainage system  
(3) Establishing a centre for promoting multi-storey rubber plantations     
(4) Monitoring for control of illegal bird hunting and fishing 
(5) Developing systems to control wetland encroachment  
(6)  Restoring the temples in the community 
 
 Two possible ecosystem improvement options are assumed; Scenario I and 
Scenario II. 
 
x Scenario I -  high ecosystem improvement policy: 
- Treatment of sewage to a high standard and a new drainage system are set up 
at the villages of Baan Don Klang and Baan Bung Khong Long due to their 
higher population density and closer proximity to the lake than other villages. 
- Promotion of multi-storey rubber plantation project. If the project is 
successful, more than 80 percent of the use of chemical fertilizers and 
pesticide and soil erosion would be reduced. This could lead to expansion 
of the distribution of healthy aquatic plants (e.g.,Spirogyra sps, Wolffia 
sps,Dryopteris sps,Eleocharis sps,Cyperus sps) and also reduction in some 
aquatic plants (e.g., floating grass bed, Pistia sps, Utricularia sps, Hydrilla 
sps). It is assumed that the fish stock could increase 50 percent and water 
quality would be improved more than 80 percent. 
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- Monitoring for control of illegal bird and fishing is set up on Don Sawan 
Island. It is expected that if more than 80 percent of the local people respect 
the rules, bird population/species and fish population will increase.  
This scenario is illustrated in Figure 5.2. It is expected that the high ecosystem 
improvement policy could produce the following output: 
 “15% increase of cropping area, 100,000 kg of  fish catch,  450 kg/rai of healthy 
aquatic plants, 300 bird species, 2 temples restored, and 1 year-delay”. 
 
x Scenario 2 – Low ecosystem improvement policy: 
- Treatment of sewage to a high standard and a new drainage system are set up 
at Baan Don Klang and Baan Bung Khong Long due to higher population 
density and closer proximity to the lake than other villages. 
- If promotion of multi-storey rubber plantations project is successful, about 50 
percent of the use of chemical fertilizers and pesticides and soil erosion would 
be reduced. This could lead to expansion of the distribution of healthy aquatic 
plants (e.g., Spirogyra sps, Wolffia sps, Dryopteris sps, Eleocharis sps, and 
Cyperus sps) and also reduction in some aquatic plants (e.g., floating grass bed, 
Pistia sps, Utricularia sps, and Hydrilla sps). It is assumed that the fish stock 
could increase 20 per cent and water quality would be improved about 40 per 
cent. 
- Monitoring for control of illegal bird hunting and fishing is set up on 
Donsawan Island. It is expected that if 80 percent of local people respect the 
rules, bird population/species and fish population will increase.   
This scenario is illustrated  in Figure 5.3. It is assumed that the low ecosystem 
improvement policy would lead to the following situation: 
 
“ 5% increase of cropping area, 90,000 kg of  fish catch, 375 kg/rai of healthy 
aquatic plants, 200 bird species, 1 temples restored and 5 year-delay”. 
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Figure 5.1: Bung Khong Long wetland ecosystem: status quo 
 
Source:  Adapted from WWF Greater Mekong Thailand Country Programme, 2006, p.27  
 
 
Land use of Bung Khong Long community in 2012 
 
Horizontal distribution diagrams of aquatic plants in Bung Khong Long Lake 
Source:  Adapted from Udomsri et al, 2005, p.69 

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Figure 5.2:  High ecosystem improvement policy 

 
Horizontal distribution diagrams of aquatic plants in Bung Khong Long Lake 

Source:  Adapted from WWF Greater Mekong Thailand Country Programme, 2006, p.27  
Source:  Adapted from Udomsri et al., 2005, p.69 
 
Land use of Bung Khong Long community with ecosystem restoration programme
Increase the distribution of these species 
Decrease in distribution of these species 
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Figure 5.3: Low ecosystem improvement policy 




Land use of Bung Khong Long  community with  ecosystem restoration programme
Horizontal distribution diagrams of aquatic plant in Bung Khong Long Lake 
Source:  Adapted from WWF Greater Mekong Thailand Country Programme, 2006, p.27  
Source:  Adapted from Udomsri et al., 2005, p. 69 
Healthy aquatic plant 
Decrease in distribution of these species
Increase in distribution of these species 
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Equation 3.23 presented in Chapter 3 was used to calculate the CS associated with 
differences between the welfare measures under the status quo and the two 
wetland ecosystem improvement scenarios. This means that the WTP of 
respondents is measured through an improvement of wetland ecosystems relative 
to the current situation. The CS estimates for the two scenarios are reported in 
Table 5.6. The results reveal that on average, local people are willing to 
contribute to a trust fund for the high ecosystem improvement policy of the Bung 
Khong Long wetland (scenario I) 2,374 Baht (US$ 79.13) per household per 
annum for five years (approximately 17.75 per cent of households annual 
income). However, The mean WTP of respondents for the low ecosystem 
improvement policy of the Bung Khong Long wetland (scenario II) is not 
significantly different from zero, “as indicated by zero lying within the range of 
the confidence intervals at 95%” (Do and Bennett, 2007: 16). 
 
Table 5.6: CS or mean WTP for wetland ecosystem restoration programme                   
(at price 2012) 
 Policy /Scenario RPL Model II 
Baht/household/annum US$ household/annum 
The high ecosystem improvement 
policy / Scenario I 
2,374*** 
(1,792 to 2,955) 
79.13*** 
(60 to 98.5) 
The low ecosystem improvement 
policy / Scenario II 
148 
(-175 to 470) 
5 
(-6 to 16) 
Notes: Figure in brackets are 95% confidence intervals, calculated using Krinsky and Robb (1986) 
bootstrapping procedure.  *** denotes statistically significant at the 1% level. 

Aggregate WTP or Social Benefits  
The aggregate WTP is calculated by multiplying the mean MWTP by the total 
number of households in the Bung Khong Long community.50 The aggregate 
WTP (social benefits) is reported in Table 5.7. The results indicate that the social 
benefits for changes from the current situation to the high ecosystem improvement 

50  There are 17,049 households in Bung Khong Long community, as shown in appendix 4.5.  
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policy (Scenario I) are 40,474,326 Baht (US$ 1,349,087) per annum. These 
estimates are probably conservative estimates, as the true total social benefits are 
also likely to affect other communities as well. 
 Although local people in the Bung Khong Long community are willing to 
support the wetland ecosystem restoration programme, the social benefits may be 
lower than the cost of the proposed project (hypothetical mechanisms for 
improving wetland ecosystems, presented above).51 However, if this project 
includes the value  of other ecosystem services of the Bung Khong Long wetland, 
such as carbon sequestration, flood control, water supply, recreation and raw 
materials, the social benefits may outweigh the cost of the proposed project.  
 
Table 5.7: Aggregate WTP for wetland ecosystem restoration programme  
(at price 2012) 
Policy /Scenario RPL Model II 
Baht/annum US$ /annum 
The high ecosystem improvement policy 
/ Scenario I 
40,474,326*** 
(30,551,808 to 50,379,795) 
1,349,087*** 
(1,022,940 to 1,679,327) 
Note: Figures in brackets are 95% confidence intervals.*** denotes statistically significant at the 
1% level
 
 
 
 
 
 
 

51 Theoretically, CE is assuming that respondents maximise utility. Hence, we assume here that 
the social preferences that have been elicited in dollar terms do not underestimate the benefits 
from environmental decisions. 
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5.4  Discussion of the findings 
This section discusses the results of RPL estimations, implicit price, welfare 
implications of the hypothetical policy changes and policy implications of the CE 
application for wetland management. 

5.4.1  Results of the RPL model 
The findings indicate that temple is the most important attribute, followed by 
cropping area, healthy aquatic plants, bird species and fish catch, indicating that 
local people prefer more temples restored, increased cropping area, more healthy 
aquatic plants, more bird species and increased fish catch. In the RPL Model II, 
the results reveal that respondents have heterogeneous preferences over the bird 
attribute. It is possible that some local people prefer more bird species because 
they can control pests on their farms and diversity of birds indicates an abundance 
of forests and lakes. Others may prefer more bird species for recreation reasons. 
Meanwhile, ecologists value more bird species as they are one of the most diverse 
groups of ecosystem service providers and they are a good indicator of ecosystem 
changes.  However, some local people do not prefer more bird species, as birds 
may also destroy some of the agricultural product.  
Regarding the influence of respondents’ socioeconomic characteristics on 
the choice probability, the results suggest that male respondents are more willing 
to support wetland ecosystem improvement programmes than female respondents.
possible explanation for this result might be that most males in Thai rural areas 
are household heads. As is the case with  other developing countries, males  
control the sale of agricultural products and use of income, they have more 
bargaining power in economic transactions, and enjoy wider community decision-
making than females (FAO, 2012). 
Similar to previous  findings  (e.g., Birol et al., 2006; Do and Bennett, 
2007; Kragt and Bennett, 2009; and Rai and Scarborough, 2012) the coefficient 
on income is positive and significant across all interaction models indicating that 
wealthier respondents more frequently chose a wetland ecosystem improvement 
plan over the status quo option than poorer respondents. That is higher income 
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respondents have higher WTP for supporting a wetland ecosystem improvement 
programme than lower income respondents. The results show that consumers’ 
individual willingness to pay is an increasing function of income (Mukhapadhaya 
et al., 2004; Wiabel et al., 2006). This finding is consistent with economic theory 
that willingness to pay is an increasing function of the income level (Eckert and 
Leftwich, 1998). 
Unlike the previous CE studies of Do and Bennett (2007) and Rai and 
Scarborough, (2012), it was found that less educated respondents are more willing 
to support the wetland ecosystem improvement than higher educated respondents. 
In other words, less educated respondents have a higher WTP than more educated 
respondents. One possible explanation for this is that less educated villagers’ 
livelihood may depend directly on the provision of wetland ecosystem services, 
thus they observe changes of the natural resource stock and environmental 
quality, particularly degradation in water quality, and depletion in fishery stock 
more than educated villagers who have returned to the community after 
previously moving to another province for studying university degree and/or 
getting a better job.  
The results imply that respondents who have lived in Bung Khong Long 
community for longer are more likely to support a wetland ecosystem 
improvement plan. It is possible that respondents who have lived in the Bung 
Khong Long community longer, have witnessed the decline in the environment 
and natural resources (healthy water and abundant fish population and other 
resources), and therefore they would prefer to restore the ecological conditions of 
the Bung Khong Long wetland. 
In terms of the influence of respondents’ attitudinal characteristics on the 
choice probability, the results suggest that respondents who have “concern about 
degradation in water quality” are more likely to support a wetland ecosystem 
improvement plan. Possible explanations for this result might be that changes in 
water quality are easily captured by local people. Also degradation in water 
quality directly and indirectly affects the lives of local people. For example, 
although physical and chemical water characteristics of the Bung Kong Long 
Chapter 5 
122 

wetland classified as of a good standard surface water quality in 200652,  local 
people can directly observe that the water is not clean and clear enough for 
drinking and swimming. Moreover, local people know that some species have 
disappeared because of water contaminatation by agro-chemical substances (e.g.,
Wolffia globosa and Lucilola brahmina). Thus, they prefer improvements in the 
wetland ecosystem. 
Respondents who have “concern depletion in fish stock” have a higher 
willingness to support a wetland ecosystem improvement plan than other 
respondents. This is possibly explained by the fact that local people may directly 
rely on changes in the fishery stock. For instance, if the stock declines, they have 
to spend  more time catching fish, anduse more complicated fishing instruments, 
yet still the fish catch may not be sufficient for household consumption, as the 
size of fish may become smaller, or the stock of some fish species disappear. This 
may effect their livelihood and household economy.  
The results also indicate that respondents who have “concern about illegal 
hunting and fishing” are more likely to support the wetlands ecosystem 
improvement programme. This can be explained as they may know that although 
the Bung Khong Long wetland has legislation to protect the non-hunting and 
sanctuary areas, some local people do not respect the regulations. Sometimes 
birds may be hunted when they search for food out of the non-hunting area. 
Moreover, there is illegal fishing in the sanctuary area and during the fish 
spawning season, the use of fishing instruments that are illegal, such as electricity 
shots, dynamite and poison herbs (e.g., Dabergia elliptica). Not only do these 
practices  kill fish, but they also destroy other species and habitat leading to the 
extinction of some species and loss of biodiversity and habitat. This may result 
not only in depletion in natural resource stocks, but also imbalance in the 
ecosystem of the Bung Khong Long wetland. 
The sign of the coefficients on “concern encroaching wetland” is negative 
indicating that respondents who have “concern encroaching wetland” are more 
likely prefer the status quo. It is possible that respondents may believe there is no 

52WWF Greater Mekong Thailand Country Program report 2006. 
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solution for this problem. Sometimes, communities cannot stop those with 
political bargaining power and/or financial resources from constructing houses or 
restaurants adjacent to the lake. Also, it is difficult to stop settled poor farmers 
encroaching wetland for cropping during the dry seasons because their livelihood 
is dependent upon it.  

5.4.2    Implicit price estimates  
The implicit price estimation reveals that the temple attribute has the greatest 
WTP suggesting that local people have a strong preference for the restoration of 
Buddhist temples. This could reflect that most local people believe the Buddhism 
philosophy and follow traditionally local culture. In Buddhist philosophy: 
 
the Buddha recognized the importance of water conservation; in fact, he set down rules 
forbidding his disciples to contaminate water resources. Monks are forbidden from 
throwing waste, trash, food and other contamination into water and they were extolled to 
protect the lives of all animals including humans that rely on any water supply for 
survival 
                                                                             (DiFiore, 2006: 6)  
 
According to traditional Northeast Thai53 and Lao culture, it is believed that lakes 
and rivers are dwellings of Nāgas believed to be protectors of the Mekong 
community. In order not to disturbNāgas, Buddhists should not directly clean, 
wash or throw waste into the water body. Also dwellings and housing adjacent to 
or in the river and lake are forbidden. Thus, it is likely that water resource uses of 
this community tend to be conservative despite the pressure of changes in 
agricultural production systems and increases in population size.Therefore, it can 
be inferred that culture could be a key factor in policy development for wetland 
ecosystem management. 

53The Northeast Thai culture is more similar to Lao culture than Thai culture in general, especially 
with regards to water resource use. Thai people prefer to settle their houses near or in the water 
body. This allows household waste to easily runoff into the water body. 
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The cropping area attribute has the second highest implicit price, 
indicating that local people need more areas for paddy rice cultivation during the 
dry season, as rice production during the rainy season may be insufficient for 
consumption. However, the Bung Khong Long wetland provides some limits for 
water regulation or irrigation. This could lead to conflict in water use in this 
community.  
The healthy aquatic plant attribute has the third highest implicit prices 
suggesting that healthy aquatic plants are important for local people. This is 
because healthy aquatic plants have a beneficial effect on water quality in terms 
of the filtering and absorbing chemicals, as well as being a biological indicator. 
Moreover, some healthy aquatic plants are sources of food and raw materials for 
local people.  
The bird species attribute has the fourth highest implicit price, confirming 
that bird diversity is important for community.Generally, bird species provide 
important ecosystem services e.g., pest control, pollination, seed dispersal, and 
nutrient deposition (Sekercioglu, 2006). Most local people believe that diverse 
bird species indicate natural resource abundance and environmental quality.  
    The fish catch attribute has the fifth highest implicit prices, revealing that 
fish catch is important to local people. This is because fish catch is a source of 
food supply and income. However, the implicit prices of fish catch is relatively 
low suggesting that local people have another food and income source. 
Carlsson and Martinsson (2001) suggest that estimates of a hypothetical 
context should be compared with results from the actual market in order to ensure 
criterion validity.54 In developing countries, this can be particularly difficult due 
to distortion of market mechanisms (Krosgaard and Schou, 2010). It is also 
difficult for many ecosystem services as markets for many ecosystem services do 

54 Criterion validity refers to the extent to which one predicts the values of another measure or 
quality (Eaves and Woods-Groves, 2012). In stated preference methods,criterion validity is used  
to test CE results whether individuals overstate their WTP in a hypothetical setting (Carlsson and 
Martinsson, 2001). 
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not exist. However, the estimated WTP ranking for each attribute is in line with  
market prices situation, as shown below: 
 
           WTP temple      >    WTP cropping area          >      WTP fish catch     
          Ptemple in market     >    Pcropping area in market   >      Pfish catch  in market   
 
Furthermore, the implicit prices of the temple attribute is realistic considering the 
amount of money local people donate for the maintenance of the Buddhist 
religion; local people mostly donate about 200-500 Baht per temple visit. 
Nonetheless, local people are not familiar with donating funds for environmental 
conservation. However, it is possible that if environmental conservation is 
included with a maintenance of religion project, local people may be willing to 
the donate funds for wetland management.   
Although the implicit prices may not fully reflect the ecological 
importance for the Bung Khong Long wetland (e.g., biodiversity and water 
quality improvement), they inform policy-makers and increase understanding of 
the relative importance that local people hold for the temple attribute or cultural 
ecosystem services. This can be useful for designing wetland management 
policies, especially in terms of cultural water conservation and utilization. 
 
 
5.4.3    Welfare implications  
Based on hypothetical mechanisms for wetland ecosystem improvement, the 
project outcomes mostly rely on the percent changes in “rubber plantation” to 
“multi-storey rubber plantation”. It is expected that “multi-storey rubber 
plantation” can reduce the use of fertilizer chemicals and pesticides and decrease 
soil erosion leading to an increase in the density of healthy aquatic plants, water 
levels and then water quality, fish population and bird species. While, temples 
restored (culture) and monitor control illegal hunting and fishing support the 
conservation of wetland resources. Thus, the higher percent changes in “rubber 
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plantation” to “multi-storey rubber plantation” is the higher fish catch, bird 
species and density of aquatic plants (the better  aquatic ecosystems). 
The mean WTP for high ecosystem improvement policy (scenario I) is not 
unrealistic as most local people usually donate about 1,000-2,000 Baht per year 
towards the maintenance of Buddhism religion.55 It is also not unrealistic that 
local people would be willing to support the fund for improving the ecological 
condition of the wetland by paying roughly 1,000-2,500 Baht per year for 
obtaining more cropping area of 15%, fish catch of 20,000 kg, healthy aquatic 
plants of 140 kg/rai, birds of 164 species, 2 temples restored and 1 year waiting 
for wetland ecosystem improvement to begin. Therefore, it is difficult to conclude 
whether a voluntary once-off donation payment method, the payment vehicle in 
this thesis, would encourage respondents to exaggerate their WTP.  

5.4.4     Policy implications: Application of choice experiment to wetland 
management 
The local people in the Bung Khong Long community are willing to support a 
wetland ecosystem improvement programme. They see significant economic 
benefit involved with wetland ecosystem services for water regulationሺcropping 
area attribute), food production (fish catch), water quality improvement (healthy 
aquatic plant attribute), biodiversity (bird attribute) and culture (temple attribute). 
The influences of socioeconomic characteristics of respondents on their valuation 
of wetland ecosystem improvement attributes are significant and reflect economic 
theory (Birol et al., 2006). Attitudinal characteristics are also important factors 
influencing WTP suggesting that attitudinal characteristics of respondents are 
important in to the effectiveness of environmental conservation efforts for this 
community.   
  Based on implicit prices, local people hold for temple attribute (culture) 
that is the most relative importance for their community. This informs policy 
makers that Buddhist belief and local culture may be key factors in supporting 

ͷͷNormally, most local people donate four time per year forVassa Dayǡthe Buddhist Lent Day, 
Kathina festival, and Vesak day.
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lake conservation. However, due to the complex ecosystems of the wetland, 
changes in agricultural production systems and pressure of human activities, it is 
necessary to integrate natural and social science approaches for wetland 
management.  Thus, in the Bung Khong Long wetland context, policy-makers 
should use religion and local culture for water resource conservation together with 
ecology, biology, agriculture and environmental sciences for maintaining balance 
ecosystems of the wetlands. 
Most local people in the Bung Khong Long community support the 
proposed wetland ecosystem restoration plan. At first blush, the total social 
benefits may appear to be lower than the total cost of the proposed project. 
However, as already noted, the social benefits are likely to be lower bound 
estimates. First, benefits from the ecosystem restoration plan are likely to be 
greater than those from the respondents’ from the Bung Khong Long area. 
Second, there are other ecological services that flow from the Bung Khong Long 
wetland, e.g., carbon sequestration, water supply, raw materials, flood control and 
recreation. Including these values into the calculus may result in the total benefits 
being greater than identified in this study.  
According to limited available data about flood control and recreation 
values, the value of carbon sequestration, water supply and raw material values 
can be estimated as follows: 
(i) Calculation of carbon sequestration value by the avoided damage cost:  In 
calculating a monetary value of the carbon sequestered by the forest, an 
international price per unit amount of carbon reduced will have to be applied. The 
carbon  prices in 1995 range from US$ 5 to US$ 150 (Sedjo 1995, as cited in 
Sathirathai 2003).the U.S. Government’s Interagency Working Group on 
Social Cost of Carbon  (SCC) estimated  the carbon price of  US$ 21 per ton in 
2010 and recalculate based on 16 scenarios ranging from US$ 28 to US$ 893 
perton  (Ackerman and Stanton, 2010).56                                                           

56 This price has varied over time. In particular, the price has fallen substantially in the post-
Global Financial Crisis period.  However, it is widely expected that it will rise again when growth 
returns to normal levels in the USA and the EU.
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Gas regulation based on potential in sequestrating carbon of lowland 
forest in the Bung Khong Long wetland is calculated by multiplying carbon price 
by the quantity of carbon sequestration. The carbon prices used here are US$ 56.5 
per ton based on Forest Industry Organization, Thailand (FIO) 1999 and US$ 21 
per ton based on SCC 2010.  
The quantity of carbon dioxide is derived by the photosynthesis equation: 
2H2O + 2 CO2 + Protons             2 C6H12O6 + 2O2 
Based on the study of Chittachumnok et al. (2002), mean carbon 
sequestration   is 33.66 tons per ha per annum. The lowland forest in the Bung 
Khong Long wetland covers approximately 530 ha (Suebkha 1997, as cited in 
Suksri 2005). The calculations are presented in the table below. 
Carbon prices 
(US$ at 2012) 
Quantity of carbon sequestration 
(tons) 
Value 
(US$ at 2012) 
Based on  FIO (77.77) 17,840 1,387,415 
Based on  SCC (22.32) 17,840 398,189 
 
(ii) Calculation of raw materials value by the market price: The value of raw 
materials for local use can be estimated by using the market price, or net income 
generated by papyrus and forest product. The necessary calculation is: 
 
Raw material value = ¦^PiQi - Ci`                            (5.14) 
Where Pi is the price of product;  Qi is the amount of product; Ci is the cost of 
production. The calculations are presented in the table below. 
Raw Materials Kilograms/year Price 
(Baht) 
Value 
(Baht) 
Value 
(US$) 
Bulrush 33,267 a1 a33,267 a1,108 
Forest product 16,862 a1 a16,862 a562 
Total 50,129 a1 a50,129 a1,670 
Sources: WWF Greater Mekong Thailand country, 2006. 
Note: Price is approximated by 1 Baht and gathering bulrush and forest product is assigned no 
cost.  
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(iii) Calculation of water supply value by the market price: Water supply for 
drinking water is assessed by market price method or net revenue of Bung Khong 
Long municipality which serves drinking water to local people. The calculation is 
similar to Equation 5.14 above: Water supply value = PiQi - Ci , where Pi = Price 
of water; Qi = Quantity water supply of drinking water; and Ci = Production cost 
of drinking water. The calculations are presented in the table below. 
 
Water supply Quantity 
(Cubic 
metres/year) 
Net profit/unit 
(Baht) 
Total value 
(Baht/year) 
Total value 
(US$/year) 
Water drinking 182,500 4 730,000 24,333 
Source:Bung Khong Long municipality 
 
 
The social benefits including carbon sequestration, water supply and raw 
materials are US$ 2,762,505 per annum (based on carbon price of  FOI 1999) and 
US$ 1,773,279 (based on carbon price of SCC 2010); see Table 5.8.  Hence, it is 
possible that the social benefit from the high ecosystem improvement policy 
(scenario I) including the value of other ecosystem services of the Bung Khong 
Long wetland may outweigh the cost of the proposed programme. In other words, 
the proposed project may be justified from a social welfare point of view. This 
suggests  that the community requires external supports (e.g., NGOs, government, 
universities, international organizations) to develop and implement appropriate 
wetland management. This is discussed in further detail in Chapter 8. 
 
 
 
 
 
 
 
Chapter 5 
130 

Table 5.8: The value  of the ecosystem services of the Bung Khong Long 
wetland   (US$ per annum at price 2012) 
Ecosystem services (attributes) Valuation method RPL Model II 
Scenario I 
1. Water regulation (Crops) 
2. Food production (Fish) 
3. Water quality improvement 
(Healthy aquatic plants) 
4. Biodiversity  (Birds) 
5. Culture (temples) 
CE 1,349,087 
 
 
 
 
1,349,087 
Carbon sequestration  Avoided damage cost 1,387,415* 1,387,415** 
Water supply Market price 24,333 24,333 
Raw materials Market price 1,670 1,670 
Total  (US$ per annum) 2,762,505 1,773,279 
          (US$ per ha) 1,248 801 
Note: * and **denote  carbon sequestration values based on carbon price of  FIO 1999 and SCC 
2010 , respectively. 
 
 
 
 
 
 
 
 
 
 
 
 

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5.5 Conclusions 
The aim of this chapter is to analyse the responses of the CE 
questionnaire. Both MNL and RPL models were estimated. While MNL and RPL 
models produce quite similar results in terms of the magnitudes of coefficients, 
signs and significance levels, preference is given to the RPL model on the basis of 
statistical fit and a more close matching of the heterogeneity of the underlying 
preferences. The coefficients on wetland ecosystem restoration attributes are 
positive and significant across all models indicating local people prefer more 
temples restored, increased cropping area, more healthy aquatic plants, more birds 
and increased fish catch. Respondents who are males, higher income, have 
education below bachelor degree and have lived in Bung Khong Long community 
for longer prefer to choose changed alternatives, and move away from status quo. 
Local people who are concerned about degradation of water quality, illegal 
hunting and fishing, and depletion of fish stock are more likely to choose the new 
wetland ecosystem restoration options over the no-change plan. Respondents who 
are concerned about encroaching wetland are more likely to prefer the status quo 
over the change alternatives.  
The highest implicit prices are for the  temple attribute followed by 
cropping area, healthy aquatic plants, bird species and fish catch implying that the 
temple attribute or culture could be the centre of social appeal and should be a key 
factor to help wetland management to sustainable use. Local people are willing to 
contribute to a trust fund for scenario changes from the status quo to ecosystem 
improvement by about US$ 79.13 per household per annum for five years or social 
benefits approximately US$ 1,349,087 per annum, which may be lower than the 
investment cost of proposed project. However, this figure is likely to be 
conservative as benefits flow to people beyond the local population. When this 
project includes other ecological services of the Bung Khong Long wetland, such 
as, carbon sequestration, water supply and raw materials, social benefits are US$ 
2,762,505 per annum which may be greater than the cost of the proposed project 
or acceptable for environmental decision. However, there are some limitations to 
the estimations for this CE study. Also using avoided damage cost to estimate 
carbon sequestration is still questionable for economists and market price 
valuation method estimates for raw materials having limitations due to unknown 
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actual cost of production. Nevertheless, the findings provide rich information for 
wetland management in the context of Northeast Thailand and Laos. 
The following chapter will present a meta-regression analysis (MRA) 
conducted from 309 wetland economic valuation  studies of developing countries. 
The results from this analysis will then be used in Chapter 7 to provide benefit 
transfer functions to estimate the values of  the ecosystem services of the Bung 
Kong Long and other wetland sites in Thailand, including wetlands in Vietnam, 
Laos, and Cambodia. 
 
  
Chapter 6 
The ecosystem service value of wetlands in developing countries: 
A meta-regression analysis 
The previous chapter presented estimates of the ecosystem service value of the 
Bung Khong Long wetland from the survey responses of 768 households from 18 
villages estimated by CE, market price valuation method, and avoided damage 
cost. That chapter showed that the villagers from Bung Khong Long valued 
ecosystem services in the wetland to be about US$ 2,762,505 per annum or 
approximately US$ 1,248 per hectare per. Surveys are expensive activities. 
Hence, it is pertinent to inquire whether a cheaper alternative exists that can 
provide reliable wetland valuations that can be useful to policy-makers. The aim 
of this and the subsequent chapter is to evaluate the values that have been 
reported for other wetlands (known as study sites) and whether information from 
these sites can be useful in assigning values for other sites (known as policy sites). 
This process is known as benefit transfer.  
This chapter presents a meta-regression analysis (MRA) of the ecosystem 
service value of wetlands in developing countries. The aim of this analysis is 
threefold: (1) to provide a synthesis of prior research of wetland valuations in 
developing countries; (2) to quantify the willingness to pay for wetlands in these 
countries; and (3) to identify the effect of study characteristics on estimated 
values. The following chapter applies the findings from this meta-analysis to a 
benefit transfer of the ecosystem service value of the Bung Khong Long wetland, 
as well as several other policy sites. 
As was noted in Chapter 2, there are 13 prior meta-analyses of wetland 
valuations. However, none of these prior meta-studies has concentrated in 
developing countries. The focus of this meta-regression analysis is on developing 
countries. A meta-regression analysis that focuses purely on developing countries 
can potentially offer a more accurate benefit transfer for Thai wetlands than a 
meta-analysis based on data that combines diverse groups of developing and 
developed countries. 
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The MRA presented in this chapter makes three contributions to the literature. 
First, as already noted, it offers a developing country specific MRA and benefit 
transfer function. Second, it is the first meta-analysis of the wetland literature to 
explore the issue of publication selection bias. Third, it is the first study in the 
literature to apply multiple imputation techniques to recover missing 
observations. 
The chapter is set out as follows. Section 6.1 provides a brief review of prior 
meta-analysis studies on wetlands. Section 6.2 describes the MRA methodology. 
Section 6.3 details the construction of the meta-dataset used in the meta-analysis. 
Section 6.4 discusses the results of meta-regression models and the final section 
concludes and summarizes the main findings. 
 
6.1 Prior meta-studies 
A review of the prior meta-analyses studies on wetland valuations was presented 
in Chapter 2. There it was noted that the 13 prior studies provided meta-analyses 
of the main factors determining wetland values. These meta-studies have used a 
variety of econometric techniques and methods. Some studies used Bayesian 
methods (Chen, 2010). Some studies have also used MRA integrated with 
Geographic Information System (GIS) (e.g., Brander et al., 2012) to provide more 
accurate and reliable benefit transfer for policy sites. Findings from these meta-
studies are quite consistent in showing that larger wetlands have lower average 
values, most wetland service variables are statistically insignificant, wetlands 
located in higher GDP per capita country areas have higher values than that those 
in poorer countries, and wetlands located in high population density or human 
pressure activity areas have higher value than those located in less populated 
areas. The 13 prior meta-studies are summarized in Table 6.1, reporting the 
average value of wetlands, the number of countries included in the meta-study, 
the main control or moderator variables included, and the findings for key 
variables. 
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Table 6.1: Summary of the prior wetland meta-studies 
Meta-study Annual average 
wetland value at 
price 2002 
Number of 
countries 
included in 
datasets 
Model 
estimation 
Resources/ 
Scope of 
studies 
Moderator 
variables 
Key findings 
1. Brouwer et al. 
(1997) 
US$ 73 per 
household 
7 GLS Wetlands 
CVM 
- Wetland types        
- Wetland services   
- Survey method      
- Payment mode       
- IUV had a higher 
value than NUV  
2. Wood Ward & 
Wui (2001) 
US$ 3,232 per ha 8 OLS Wetlands - Wetland size          
- Wetland types       
- Wetland services   
- Valuation method    
- Wetland size had a 
negative effect on 
wetland value 
3. Brander et al. 
(2006) 
US$ 3,300 per ha 25 OLS Wetlands - Wetland size          
- Wetland types       
- Wetland services    
- Valuation method    
- GDP per capita      
- Wetland location    
- Population density    
- Ramsar site   
- Wetland size had a 
negative effect on 
wetland value          
- GDP per capita  
and population 
density had a 
positive effect on 
wetland value              
4. Borisova-
Kidder (2006) 
US$ 1,119 per ha 1 OLS Wetlands  
USA 
- Wetland size          
- Wetland types       
- Wetland services    
- Valuation method    
- Household income   
- Years of survey      
-Household income 
had a positive effect 
on wetland value      
5. Enjolras & 
Biosson (2007) 
US$ 5,8705 per ha 5 GLS Lagoon - Wetland size          
- Wetland services    
- Valuation method    
- Wetland location    
- Wetland threats    
- Wetland size had a 
negative effect on 
wetland value           
- Wetland value in 
published studies 
had a lower value 
than unpublished 
studies 
6. Ghermandi et 
al. (2007) 
n.a. 52 MLM Wetlands - Wetland size          
- Wetland types       
- Wetland services    
- Valuation method    
- GDP per capita      
- Wetland location   
- Human pressure     
- Wetland size had a 
negative effect on 
wetland value             
- GDP per capita   
and population 
density had a 
positive effect on 
wetland value              
7. Brander et al. 
(2007) 
US$ 191 per visit 13 MLM Recreation 
value of 
coral reefs 
- Wetland size,         
- Recreation 
activities                  
- Valuation method    
- Wetland location   
- Number of 
tourists   
- Diver size had a 
positive effect on 
recreation value           
- Fewer visitor sites 
had a higher 
recreation value 
8. Liu & Stern 
(2008) 
US$ 687 per 
household 
n.a. OLS    
Box-Cox 
Wetlands 
CVM 
- Wetland types        
- Wetland location    
- Wetland services    
- Survey method      
- Payment mode       
- Years of survey      
- Household 
income         
-Household income 
and population 
density had positive 
effect WTP                  
9. Ghermandi et 
al. (2009) 
n.a. 56 OLS Wetlands - Wetland size          
- Wetland types       
- Wetland services    
- Valuation method     
- GDP per capita       
- Wetland location    
- Human pressure     
- Wetland size had a 
negative effect on 
wetland value             
- GDP per capita   
and human pressure 
had a positive effect 
on wetland value       
- Constructed 
wetlands had a higher 
value than other 
wetland types          
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Table 6.1: Summary of the prior wetland meta-studies, continued 
10. Brouwer  
(2009) 
 
US$42 per 
household 
1 Tobit CE, 
Wetlands in 
Australia      
- Wetland services    
- Survey method      
- Payment mode       
- Household 
income                  
- Year of survey 
-Household income   
had a positive effect 
on WTP                     
-   WTP for IUV 
was higher than that 
for NUV 
11. Chen (2010) US$ 2,210 per ha 25 Bayesian     
BMA 
Wetlands - Wetland size          
- Wetland types       
- Wetland services   
- Valuation method    
- Household 
income         
- Wetland size had a 
negative effect on 
wetland value          
- GDP per capita   
had a positive effect 
on wetland value         
12. Salem and 
Mercer (2012) 
US$ 23,788 per ha 27 OLS     Mangrove 
forest 
- Wetland size          
- Wetland services    
- Valuation method    
- GDP per capita      
- Wetland location    
- Ramsar site   
- Wetland size had 
a negative effect on 
wetland value             
- GDP per capita   
had a positive effect 
on wetland value         
-   Wetlands 
producing 
international goods  
had a higher value      
13. Brander et al. 
(2012) 
n.a. n.a. OLS with 
GIS 
Wetlands in 
temperate 
zone 
- Wetland size          
- Wetland types       
- Wetland services    
- Valuation method    
- GDP per capita      
- Wetland location    
- Human pressure     
- Wetland size had a 
negative effect on 
wetland value             
- GDP per capita   
and human pressure 
had a positive effect 
on wetland value         
Notes: GLS is Generalized Least Squares and MLM is multi-level modelling.   n.a. 
denotes not available. IUV = Indirect use value. NUV = Non-use value. 
 
 
6.2  The meta-regression methodology 
MRA essentially involves regression analysis applied to data collected from prior 
empirical studies (known as the meta-data). For wetland valuations, MRA 
involves regressing the valuations reported by numerous authors against various 
covariates relating to research design and policy site characteristics. The 
dependent variable in the MRA is the natural logarithm of the wetland value per 
hectare per year at US 2002 constant prices (denoted as lnV). This definition of 
the dependent variable is standard in this literature. The independent or 
explanatory variables are classified into three categories: (i) a vector of wetland 
characteristics, Xw; (ii) a vector of valuation methods, Xm, and (iii) a vector of 
context characteristics, Xc. These variables are discussed in detail in Section 6.3 
below. 
The estimated MRA model takes the following standard semi-logarithmic 
form: 
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ijcijcmijmwijwij uV  XXX EEEE0ln    (6.1) 
 
Where the subscripts i and j denote the ith estimate from the jth study, β0 is the 
constant term, βw, βm, and βc contain the estimated coefficients on the respective 
groups of explanatory variables, and u is the error term.  
The MRA model, Eq. (6.1), can be used for two main purposes. First, it is used 
here to explain the wide heterogeneity in reported valuations. Specifically, the 
MRA is used to: 
1. Identify differences in valuations by wetland types: Are some wetlands 
more valuable than others? 
2. Identify country differences in valuations: How different are preferences 
(and valuations) for wetlands between different groups of developing 
countries? 
3. Identify time variation: Are wetlands becoming more (less) valuable over 
time? 
4. Identify differences in valuations by types of ecosystem services: Are some 
ecosystem services more valuable than others? 
 
Second, Eq. (6.1) can also be used for benefit transfer. This task is carried out in 
the following chapter, Chapter 7.  
There are several issues that need to be addressed in MRA.  
 
6.2.1 Appropriate estimator  
Eq. (6.1) should ideally be estimated using weighted least squares (WLS), using 
the inverse variance as weights. Hedges and Olkin (1985) show that the inverse 
variance produces ‘optimal weights’.57 That is, ideally, the estimated wetland 
valuations should not all be treated equally. Instead, valuations that are estimated 
with greater precision should be assigned a higher weight.  
                                                          
57 The rests upon the assumption of a normal distribution in the underlying effect size. 
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Unfortunately, there is a major problem with using WLS for this dataset.58 
The standard error is needed to calculate inverse variance. However, none of the 
estimates are reported with a standard error. Hence, it is not possible to use a 
direct measure of variance for these estimates. However, following Stanley and 
Rosenberger (2010), it is possible to use a sample size to construct a proxy for 
precision.59 Here too, however, there are problems, as sample size is also not 
reported by many studies. One approach to missing observations is to remove 
from the meta-dataset any estimate for which sample size is not available. 
However, this means that potentially valuable information is discarded. Hence, 
the approach taken in this chapter is threefold: 
 
1. OLS is applied to all observations included in the meta-dataset. 
2. WLS is applied to those observations for which sample size is reported, 
with sample size used to construct a proxy of precision. 
3. Data imputation techniques are used to infer the sample size for those cases 
where it was not reported, with sample size then used to construct a proxy 
of precision. 
6.2.2 Publication selection bias 
 
In order to draw valid statistical inferences it is critical that the data used in the 
analysis are representative. Unfortunately, there is escalating evidence in 
economics that many datasets (typically transformations of regression 
coefficients) are actually truncated and not representative of the underlying data 
generating process. Arguably, the most common reason behind this is publication 
selection bias. According to Card and Krueger (1995:239):  
 
                                                          
58  Salem and Mercer (2012) is the only other meta-study to estimate a WLS MRA. Their WLS, 
however, involves using the number of estimates reported in each study as the weight. Their 
weighting scheme is designed to accommodate differences in the number of estimates reported. 
The WLS adopted here is designed to accommodate differences in the precision by which 
estimates have been derived and also to accommodate publication selection bias. See Stanley and 
Rosenberger (2010). 
59 The inverse of the square root of the sample size is a proxy for an estimate’s standard error.  
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Three sources of publication selection bias in economics: (1) reviewers and editors may 
be predisposed to accept papers consistent with conventional views; (2) researchers may 
use the presence of conventionally expected results as model selection tests; and (3) 
everyone may possess a predisposition to treat statistically significant results more 
favourably.                                                           
 
Publication selection bias may occur when there is a preference for statistically 
significant results or for results that conform to the theoretical expectations 
(Florax, 2002; Stanley, 2005; Stanley, 2008). Publication selection bias can 
reduce the validity and reliability of meta-regression analyses for benefit transfer 
(Rosenberger and Stanley, 2006). 
In the context of wetland valuations, publication bias can take two forms. 
First, researchers might be reluctant to report negative valuations.60 Second, 
researchers might have a preference to report larger valuations for wetlands. 
Hence, it is pertinent to investigate the existence of publication bias in this 
literature.  
Stanley and Doucouliagos (2010) suggest a funnel plot that can illustrate 
and possibly detect the presence of publication selection bias. The funnel plot is a 
useful graphical method to identify the shape or distribution of reported 
observations. However, like all graphs, interpretation of funnel plots can be 
largely subjective. Hence, Stanley (2005 and 2008) proposed an empirical test - 
the FAT-PET regression - for testing the existence of publication selection bias 
which can be tested using the following regression: 
 
                                         ijijseij SEV HEE  0ln                                                                      (6.2)                        
 
Where  SE denotes the standard error of the effect size under investigation, which in 
this case is the per hectare wetland value (lnV). Eq. (6.2) is the standard FAT-PET 
test that has been applied in a wide range of situations (see Stanley and 
Doucouliagos, 2012). However, Stanley and Rosenberger (2010) caution against 
the use of Eq. (6.2) in the case of willingness to pay studies. These authors argue 
                                                          
60 It is not just primary data researchers that can be vulnerable to this. Doucouliagos et al. (2012) 
found a reluctance amongst meta-analysts to report negative values of a statistical life, even 
though the primary literature reported some negative values. 
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that if standard error is used it can lead to bias. Instead, Stanley and Rosenberger 
(2010) recommend replacing SE with the inverse of the square root of the sample 
size (N): 
 
                                        ijijseij NV HEE  )/1(ln 0                                                                  (6.3) 
                                                         
If selection bias is detected, then a more general MRA model can be 
estimated that includes both correction for publication selection bias and 
heterogeneity: 
 
ijijsecijcmijmwijwij uNXXXV  )/1(ln 0 EEEEE  (6.4)61 
 
It should be noted, however, that the example dealt with here differs from 
the examples dealt with by Stanley and Rosenberger (2010). Nevertheless, the 
principle of using the inverse of the square root of the sample size to proxy for 
standard error can be extended to wetland valuations, given that as already noted, 
standard errors are rarely reported for wetland valuations.              
   
6.2.3 Multiple estimates  
The 309 studies included in the meta-dataset (see Section 6.3 below for details) 
report multiple estimates per study depending on whether they used different 
methods, wetland sizes, wetland types, sample groups or sought estimates for 
more than one proposed improvement. Datasets which hold multiple estimates 
from each study can be treated as panel datasets (Stanley and Doucouliagos, 
2012). Some authors recommend using hierarchical modelling approaches. Others 
recommend adjusting standard errors for the clustering of observations. This is 
the approach adopted here.62 Thus, the meta-regression model presented here uses 
                                                          
61 More general models that involve interactions with the sample size term can also be estimated. 
However, thesis does not focus on identifying the channels through which publication bias 
manifests in this literature. 
62 The use of random effects hierarchical models is particularly problematic if there is publication 
bias (see Stanley and Doucouliagos, 2012). 
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cluster data analysis and corrects standard errors in the MRA for the clustering of 
estimates within studies.63 
 
6.2.4 Missing observations 
Missing observations are common in meta-analysis. For example, in cross-
country growth regressions, many studies do not report the countries included in 
the samples. This then makes it difficult to construct region dummy variables for 
use in multiple MRA. In the case of wetland valuations, the main missing 
information is sample size. Some techniques by design do not use sample size, or 
sample size is not a relevant piece of information. In other cases, sample size is 
simply not reported by the authors. Honaker and King (2010) suggest the use of 
multiple imputation techniques to “recover” missing data. For the purposes of this 
thesis, the multiple imputations involve creating 50 new datasets using a Chained 
Monte Carlo approach (see Honaker and King, 2010; White et al., 2011).64 The 
results using the traditional case deletion strategy are then compared to the 
multiple imputation strategy; see Section 6.4 below. The advantage of using 
multiple imputations is that it enables the use of a larger number of observations 
for the MRA. Also, multiple imputations correct standard errors for the fact that 
some of the data was recovered. An alternative approach would be to use, for 
example, linear interpolation. However, the resulting standard errors are not 
corrected for the fact that some data were interpolated. 
 
6.2.5 Study quality  
A perennial issue in meta-analysis is study quality. Specifically, should some 
criterion of study quality be included to filter studies from the dataset? The 
approach taken in this thesis follows the recommendations of Stanley and 
                                                          
63 Clustering of observations can also occur along other dimensions. For example, observations 
can be clustered by country, valuation technique, and authors. Most of these dimensions are 
directly controlled for in the multiple MRA presented below. 
64 The Stata set of mi commands was used to carry out the multiple imputations. 
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Doucouliagos (2012). We include all studies that have been reported (see Section 
6.3 below). This means avoiding making any selection choices that might 
potentially lead to a biased meta-dataset. 
Rosenberger and Johnston (2011) advocate the construction of an index of 
MRA integrity. While their approach is not adopted in this thesis, the robustness 
of the MRA is explored with respect to some aspects of their proposed index.  
One study quality criterion is the valuation method. Some valuation 
methods lack a solid theoretical foundation. There is a danger that such methods 
can cause systematic error resulting in mis-estimation of “true resource value” 
and thereby introduce a source of errors to benefit transfer functions (Woodward 
and Wui, 2001; Brander et al., 2006). Like any statistical analysis, benefit transfer 
functions are limited by the quality of the studies they are derived from (Shretha, 
et al., 2007). Judging study quality is a difficult process. Hence, the approach 
adopted in this thesis is to construct meta-analysis transfer functions using all 
available data. No subjective judgements were made regarding the inclusion of 
‘strong’ studies or the exclusion of ‘weak’ studies. All studies that met the search 
criteria (see Section 6.3.1 below) are included in the meta-analysis. 
 
6.2.6 Group specific intercepts  
Many meta-datasets have an unbalanced panel like nature, i.e., several 
observations are recorded for each study (recall the discussion in sub-section 6.2.3 
above). A problem with multiple estimates per study is that it can result in a 
cross-sectional correlation and heteroskedasticity (Baltagi 2005; Rosenberger and 
Loomis, 2000). Consequently, many authors argue that it is worthwhile 
considering whether the modelling should use a group-specific constant term or 
group-specific disturbance. In the latter case, there is a choice of random and 
fixed effects. Stanley and Doucouliagos (2012) recommend the use of fixed 
effects rather than random effects because of the possibility that the random 
effects might be correlated with other parts of the MRA model. Specifically, if the 
model controls for publication bias, then it is likely that the random effects will be 
correlated with the standard error terms.  
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Nevertheless, Nelson et al. (2009) suggest that the fixed-effect model 
applied to panel meta-data is not suitable for MRA models. They point out that a 
fixed-effect model has several disadvantages. First, as there is an intercept 
parameter for each panel, degrees of freedom are lost, leading to less efficient 
estimation. Second, the coefficients on some independent variables that do not 
vary within a panel may not be calculated. Third, reliable fixed-effect estimation 
requires that each study must contain many observations, at least two 
observations per study (if some studies report one estimate, the fixed-effect 
estimation will essentially remove these observations from estimation). Instead, 
they recommend that OLS be used with robust standard errors if grouping from 
meta-datasets into panels. Some studies recommend OLS with cluster adjusted 
standard errors, while others suggest WLS with cluster adjusted standard errors. 
Viswesvaran and Sanchez (1998) state that OLS is superior in separating the 
effects of different variables and removing the problems of spuriousness and 
suppressor effects; nevertheless OLS may be deficient when the explantory 
variables are highly correlated with each other. In contrast, Stanley and 
Doucouliagos (2012) argue that the inclusion of study fixed effects can resolve 
the issue of study quality, as the fixed effects effectively control for any 
unobserved quality differences between studies. 
 
6.3  The meta-analysis data 
This section discusses the search for studies, the study inclusion criteria, and 
descriptive statistics of the variables used in the MRA. The search criteria and 
coding strategies followed the MAER-NET protocols (Stanley et al., 2013). 
 
6.3.1 Search for studies 
The first step in the meta-analysis was to carefully identify all ecosystem service 
value of wetland studies that offer valid and comparable estimates. The search 
was conducted through three search engines; Scopus, Econlit, and Google 
Scholar. A comprehensive search was conducted between October 2010 and 
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March 2012. Numerous keywords were used to conduct the search. These 
included: ‘wetland valuation’, ‘ecosystem service value of wetlands’, ‘economic 
valuation of wetlands’, ‘valuing ecosystem services of wetlands’, ‘valuing 
mangrove’, ‘valuing fresh water’, ‘choice experiment wetlands’, ‘contingent 
value wetlands’, ‘economic value of wetland’, ‘recreation value of coral reef’, 
‘travel cost value of wetlands’, and ‘economic value of Ramsar sites’. This search 
process identified 2,786 articles from the Scopus database, 1,324 separate articles 
from the Econlit database, and 20,957 studies from Google Scholar. In addition to 
the search engines, references from each study were reviewed (the so-called 
‘snowballing’ process), which identified a further 778 studies.  
 
6.3.2  Criteria for inclusion 
Although, more than twenty thousand articles offer estimates of the ecosystem 
service value of wetlands, most of these cannot be included in the meta-analysis. 
Studies were included in the meta-analysis only if they satisfied the following five 
criteria: 
 
(i) Economic valuation approach: The focus of the meta-analysis is on studies that 
estimate ecosystem service values of wetlands by an economic valuation method. 
Hence, studies that estimate economic values of wetlands by benefit transfer were 
excluded from the analysis. For example, studies that applied the Costanza 
coefficient to assess wetland value were excluded from the meta-dataset (e.g., 
Zhao et al., 2005; Zhao et al., 2004; Zongming et al., 2005; Tianhong et al., 
2010). 
(ii) Developing countries: Only studies that estimate the ecosystem service values 
of wetlands located in developing countries were included in the meta-dataset; all 
studies relating to wetlands in developed countries were excluded. 
(iii) Ecosystem service values: The included studies had to estimate a wetland 
service value for either partial ecosystems or whole ecosystems. 
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(iv) Publication sources: Both published and unpublished studies were included. 
Published studies were collected from book chapters and journal articles. The 
‘grey’ literature was sourced from working papers, project reports, Masters 
theses, and PhD dissertations. 
(v) Language: For practical reasons, only studies written in English or Thai were 
included.  
Of these five criteria, the only one that could potentially introduce some bias is 
the language inclusion criterion. By excluding studies published in a language 
other than Thai or English, the dataset runs the risk of potentially excluding an 
important group of studies. This could be problematic for the application of 
benefit transfer for some developing countries. However, the main focus of this 
thesis is to estimate service values for Thailand. All relevant Thai studies - 7 
studies in English and 20 in Thai - have been included, so this part of the dataset 
is complete. 
 The net result of the search for studies and the associated search criteria 
was 309 studies that offered comparable estimates of valuations of wetlands in 
developing countries.  
The studies are listed in Appendix 6.1. These 309 studies report a total of 
960 observations; that is, they report several estimates. The studies were 
published between 1982 and 2012. There are 281 wetland sites included in the 
data set, spanning 51 developing countries in Asia, Africa, Latin America, Eastern 
Europe, and the Pacific Islands. The largest number of study sites is from 
Southeast Asian studies (137), followed by South Asia (57), Africa (57), Latin 
America (33), Middle East and North Africa (MENA) (15), and Eastern Europe 
(10). The study sites included in the meta-analysis are shown Figure 6.1. 
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Figure 6.1: Geographic distribution of wetlands covered in the meta-analysis 
 
 
Table 6.2 lists the full distribution of countries included in the meta-data set. 
China has the largest number of studies with 35 studies, followed by India with 32 
studies, Thailand with 27 studies, and Malaysia with 20 studies. The average 
wetland value is 732 US$ 2002 per hectare per annum. Average wetland values 
are highest in Poland, followed by Fiji, Mexico, and Tobago, respectively, with 
the lowest value recorded for Armenia. 
Figures 6.2, 6.3, and 6.4 illustrate the mean wetland value for wetland 
types, wetland ecosystem services, and regions, respectively. Estuarine wetlands 
have the highest mean value of 9,576 US$ 2002 per hectare per annum, followed 
by constructed wetlands, marine wetlands, palustrine wetlands, lacustrine 
wetlands, riverine wetlands and finally the “other wetland types category”, 
respectively. (These different types of wetlands are discussed in Section 6.3.3 
below.) Wetlands providing water treatment services have the highest mean 
value, with 4,515 US$ per hectare per annum, while nutrient cycling is exhibited 
to have the lowest value (8 US$ per ha per annum). Wetlands in Eastern Europe 
produce the highest mean value with 26,063 US$ per ha per annum, followed by 
South Asia, South East Asia, Africa, Latin America and lastly MENA, 
respectively. The contribution of this graphical presentation shows an initial 
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understanding that wetland types, wetland ecosystem services and wetland 
locations influence wetland value. 
 
Table 6.2: Country distribution of studies included in the meta-analysis 
  
Country Number of 
studies 
(estimates) 
Average value 
per ha per 
annum 
(US$ 2002) 
 Country Number of 
studies 
(estimates) 
Average value 
per ha per 
annum 
(US$ 2002) 
1 China 35 (95) 137 27 Egypt 4 (7) 61 
2 India 32 (85) 561 28 Iran 4 (6) 150 
3 Thailand 27 (75) 451 29 Fiji 3 (6) 9,441 
4 Malaysia 20 (93) 3,217 30 Malawi 3 (3) 147 
5 Philippines 17 (78) 199 31 Nepal 3 (7) 18 
6 Vietnam  15 (73) 784 32 Seychelles 2 (11) 3,790 
7 Indonesia 12 (17) 2,789 33 Cameroon 2 (7) 14 
8 Jamaica 11 (38) 2,974 34 El Salvador 2 (6) 4,139 
 9 Sri Lanka 10 (18) 262 35 South Africa 2 (5) 1,629 
10 Kenya 9 (22) 505 36 Botswana 2 (4) 53 
11 Pakistan 7 (18) 284 37 Costa Rica 2 (2) 3,680 
12 Cambodia 8 (16) 79 38 Senegal 1 (16) 9 
13 Nigeria 8 (15) 213 39 Armenia 1 (12) 3 
14 Tanzania 8 (14) 171 40 Belize 1 (9) 2,737 
15 Uganda 7 (11) 570 41 Ukraine 1 (4) 664 
16 Madagascar 7 (29) 1,171 42 Ecuador 1 (3) 132 
17 Lithuania 6 (17) 3,358 43 Tunisia 1 (3) 13 
18 Laos 6 (6) 141 44 Micronesia 1 (2) 2,178 
19 Poland 5 (21) 30,890 45 Venezuela 1 (2) 78 
20 Turkey 5 (12) 82 46 Ghana 1 (1) 59 
21 Tobago 5 (9) 4,067 47 Guam 1 (1) 2,024 
22 Brazil 5 (19) 13 48 Guatemala 1 (1) 109 
23 Bangladesh 4 (21) 2,217 49 Mozambique 1 (1) 70 
24 Zambia 4 (19) 67 50 Samoa 1 (1) 30 
25 Mexico 4 (8) 7,878 51 St. Lucia 1 (1) 3,265 
26 Ethiopia 4 (13) 359     
  Average 732     
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Figure 6.2: Mean wetland values by wetland types 
 
 
Figure 6.3: Mean wetland values by wetland ecosystem services
 
Figure 6.4: Mean wetland values by locations
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The wetland sites included in the dataset are very diverse. The smallest wetland 
site is the Ras Mohammed mangrove with 2 ha from Egypt, while the largest 
wetland site is the Beijing river system with 17,132,898 ha from China.65 The 
medium wetland sites range between 3,000 and 30,000 ha. It is expected that 
wetland size may influence wetland value, although there is no clear a prior 
anticipation of the sign of this relationship.66 Figure 6.5 plots wetland size against 
the wetland value per ha per annum (both in natural logarithms). There appears to 
be a clear negative relationship between wetland value per ha and wetland area. 
Prior meta-studies have also found this relationship (recall Table 6.1).  
All the countries included in the meta-dataset are classified as developing 
countries by the World Bank.67 Even though the meta-dataset includes only 
wetland sites in developing countries, per capita GDP varies significantly between 
countries. Taking the average value of GDP per capita (1980-2010) at constant 
price 2005, we find that, Trinidad and Tobago68 has the highest average GDP per 
capita with 14,958 US$69 at 2005 prices, followed by Seychelles with 14,191 
US$, Poland with 11,763 US$ and Mexico with 10,903 US$, while the lowest 
average GDP per capita countries are Mozambique with 470 US$, Ethiopia with 
496 US$, and Malawi with 642 US$. Differences in GDP per capita might result 
in differences in wetland values. Figure 6.6 plots the natural logarithm of wetland 
value per ha per annum against the natural logarithm of GDP per capita, 
suggesting a possible positive relationship between these two variables. Prior 
meta-studies have also found this relationship (again recall Table 6.1). 
                                                          
65 None of the MRA and benefit transfer results are driven by this observation from China. 
66 Marginal values are expected to fall as size increases. However, we are dealing with average 
values. 
67 The classifications can be found at: http://data.worldbank.org/indicator/NY.GDP.PCAP.PP.KD.  
68 Although Trinidad and Tobago is a high income country based on the World Bank classification 
(GDP per capita more than 12,476 US$/year), its economic structure (e.g., short-term output 
determination, income distribution, key sectors and economic growth determinants) based on 
Kalecki (1976) is more related to a developing country. Trinidad and Tobago is classified as a 
developing country by the World Bank and the IMF.  
69 This naturally raises the issue of whether these higher GDP per capita countries should be 
included in the dataset.  The approach taken here is to conduct the MRA with and without these 
countries. 
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Figure 6.5: Wetland value per hectare and wetland size 
 
Note: The plotted curve is a lowess regression line. 
 
 
Figure 6.6: Wetland value per hectare and GDP per capita 
 
Note: The plotted curve is a lowess regression line. 
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6.3.3  Definitions of MRA variables  
This section discusses the construction of the dependent variable and the various 
explanatory variables (the vectors Xw, Xm, and Xc) that are used in the MRA. 
 
The dependent variable - the value of wetlands 
Although the willingness to pay (WTP) is acceptable for environmental 
economists to inform wetland management, wetland valuation studies use a 
variety of valuation methods. Some valuation techniques cannot capture WTP, 
such as market price valuation method (Mkt), replacement cost (RC), avoided 
damage cost (DC), net factor income (NFI), opportunity cost (OC), and 
production function (Woodward and Wu, 2001). On the other hand, if WTP is 
available, then the value per hectare can be calculated with knowledge of the 
relevant population and wetland area. Hence, instead of WTP, it is the average 
annual value (per hectare) in 2002 US dollar that is used as the key value of 
wetland for this study.  
All prior meta-analyses have focused on average values.  This is simply a 
matter of convenience. It is essential that a comparable measure of wetland value 
be chosen. Two transformations are necessary in order to ensure comparability. 
First, all estimates need to be converted into a common currency and year. 
Second, all estimates need to be converted into a common value measure. As 
prior authors have noted (e.g., Woodward and Wui, 2001, Brander et al., 2006; 
Ghermandi et al., 2007), most primary studies report either the total value or the 
average value of wetlands. In the majority of cases it is not possible to convert 
estimates of total and average value into marginal values. However, armed with 
information on the relevant population, it is in many cases possible to convert 
willingness to pay per person into per hectare values. Where it is not possible to 
make this conversion, this thesis follows the literature and assumes that marginal 
values are equal to average values. Brander et al. (2006: 234) note that one 
advantage of using per hectare values is that: “ in most cases it is more 
straightforward to transfer values to a given wetland area than to the relevant 
number of people that are willing to pay for wetland conservation.” 
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The independent (moderator) variables 
(i) Wetland type 
   
The RAMSAR convention defines wetlands as:  
 
 ... areas of marsh, fen, peatland or water, whether natural or artificial permanent or 
temporary, with water that is static or flowing, fresh, brackish or salt  including areas of 
marine water the depth of which at low tide does not exceed six metres       
(Barbier et al., 1997:1). 
 
In attempting to classify the broad array of wetlands embraced by the Ramsar 
definition, Scott (1989) categorised 30 groups of natural wetlands and nine 
constructed wetlands. Ramsar identified five broad wetland systems, while the 
International Union for Conservation of Nature (IUCN) divided wetlands into 4 
groups of salt water, 3 fresh water wetlands, and 5 man-made wetlands. In this 
thesis, wetlands are classified into seven types based on the RAMSAR and IUCN 
definitions, as follows: 
  
(1) Estuarine Wetlands: Coastal areas where rivers flow into the sea (e.g., tidal 
marshes, salt marshes, mangrove swamps and deltas, salt marshes, mangrove 
swamps, nipa swamps, tidal fresh swamp forests, deltas, lagoons, brackish and 
mudflats). 
(2) Palustrine Wetlands: Fresh water systems that have a significant aerial 
coverage of vegetation more than 30 percent. Wetlands without significant 
vegetation cover but are: (i) smaller than 8 ha and (ii) shallower than 2 metres 
are included as Palustrine wetlands (e.g., billabong, marshes, papyrus swamp, 
bogs, peat swamp forests, fens,70 and floodplains). 
(3) Lacustrine Wetlands: Areas of permanent fresh water with little flow that are 
found in a topographic depression and have little vegetation cover, less than 
30 percent. Waters come from a river or groundwater. Tidal systems with 
salinity below 5 percent (e.g., lakes, ponds, kettle lakes, volcanic crater lakes). 
                                                          
70  According to the National Biodiversity Network South-West England (2003: 1): “Fens occur 
on soils that are at least periodically waterlogged. They range from small to extensive (Insh 
Marshes, Broadland) but are generally circumscribed and limited in extent by agricultural or 
forestry activity.”    
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(4) Riverine Wetlands: Areas sporadically inundated by fresh water river 
overtopping (e.g., channels, rivers, streams, water meadows, and riparian 
areas). 
(5) Marine Wetlands: Coastal systems not influenced by river flows exposed to 
waves, currents and tides. Marine wetlands habitats extend from the highest 
tidal inundation out to sea where the water is 6 m deep at low tide. Salinity 
can exceed 30 percent (e.g., sand, pebble beach, rock-pools, coral reefs and 
rocky shore). 
(6) Constructed Wetlands: Any man-made wetlands such as dams, marshes, 
ponds are  engineered systems designed as a new or restored habitat for native 
and migratory wildlife, for anthropogenic discharge such as wastewater, 
stormwater runoff, or sewage treatment, for land reclamation after mining, 
refineries. 
(7)  Other Wetlands: All other wetlands that cannot be classified on the above 
criteria such as watershed, catchment area or combined wetland between 
riverine, lacustrine and palustine. 
 
Table 6.3 presents the variable names and definitions, as well as descriptive 
statistics of the types of wetlands included in the meta-dataset. The largest 
number of studies is for estuarine wetlands (with 127 studies and 390 
observations), followed by marine, lacustrine, riverine, palustrine, other wetlands, 
and constructed wetlands respectively. For the purposes of the MRA, estuarine 
wetlands are chosen to be the baseline category. 
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Table 6.3: Wetland definitions and descriptive statistics 
Variable 
names 
 Variable Description Studies Obs. Mean Std. 
Estuarine  
 
Rivers meet the sea or tidal partly enclosed by 
land, including tidal marshes, seagrass and 
mangrove, lagoon 
Baseline category 
129 392 0.41 0.49 
Palustrine  Wetlands associated with marshes, swamps 
and bogs 
BD =1: Study is palustrine wetlands 
33 102 0.11 0.31 
Lacustrine  Wetlands associated with lakes 
BD =1: Study is lacustrine wetlands 
43 121 0.13 0.34 
Riverine  Wetlands along river or streams 
BD =1: Study is riverine wetlands 
43 130 0.14 0.34 
Marine  Coastal wetlands, including rocky shore and 
coral reefs 
BD =1: Study is marine wetlands 
45 150 0.16 0.36 
Constructed   An artificial wetlands or dam, marsh, pond 
BD =1: Study is constructed  wetlands 
10 28 0.03 0.17 
Other  Combined wetlands, watershed, catchment 
area 
BD =1: Study is riverine wetlands 
18 37 0.03 0.17 
Note:  BD denotes a binary variable. 
 
 
 (ii) Classification of ecosystem service value    
Generally, ecosystem services of wetlands depend on the type of wetland 
(Brander et al., 2006). The ecosystem services derived from wetlands can be 
classified into 17 services of ecosystems as proposed by Costanza et al., (1997), 
or 22 services of ecosystems proposed by de Goot et al., (2002). For the purposes 
of this thesis, 12 classifications of ecosystem services are adopted based on the 
definitions by Costanza et al., (1997) and de Goot et al., (2002). This is because 
there are no wetland valuation studies to estimate climate regulation, biological 
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control, soil formation, and pollination value. Furthermore, since biodiversity and 
habitat are highly correlated with each other, these two services are combined into 
a single habitat-biodiversity variable. The 12 categories are: 
(1) Recreation: Wetlands provide opportunities for recreation activities such as 
eco-tourism, sport fishing and other outdoor recreation activities. 
(2) Gas regulation: Wetlands regulate the atmospheric chemical composition 
such as UV protection by O3, CO2/O2 balance and air quality maintenance (see 
section 2.1.2 in Chapter 2 for details). 
(3) Disturbance regulation: Wetlands serve a function as the integrity of 
ecosystem response to environmental fluctuations such as storm protection, flood 
control and drought recovery. 
(4) Water regulation: Wetlands provide natural irrigation, hydroelectric 
power and a means of transportation. 
(5) Water supply: Wetlands store water for household consumption and 
industrial activities. 
(6) Erosion control: Wetlands prevent soil erosion from wind, runoff process 
or other removal processes and silt storage. 
(7) Nutrient cycling: Wetlands store internal cycling and process and acquire 
nutrients such as nitrogen fixation, phosphorus, potassium, and other elemental 
cycling. 
(8)   Water treatment: Wetlands recover mobile substances and remove or 
break excess or xenic71 nutrients and compounds such as filtering of dust 
particles, pollution control and detoxification.  
(9)   Habitat-biodiversity: wetlands provide nurseries, habitat for migratory 
species, regional habitat and support a variation of life forms. 
(10)  Food production: Wetlands provide food or primary production, such as 
production of fish, game, crops, nuts, fruits, and honey by hunting, gathering, 
subsistence farming or fishing. 
(11)   Raw materials: Wetlands provide gross primary production extractable as 
raw materials such as lumber, fuel or fodder, reed. 
                                                          
71 A stable weak acid and strong oxidizing agent. 
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(12)  Culture: Wetlands provide opportunities for non-commercial uses, such as 
aesthetic, artistic, education, spiritual and sciences. 
Table 6.4 lists the ecosystem service variable names and definitions, as 
well as descriptive statistics. Recreation has the largest number of observations 
(with 416 observations and 98 studies) and food production has the largest studies 
(with 140 studies and 397 observations). Based on the distribution of observations 
among ecosystem service variables, recreation was chosen to be the baseline 
category of ecosystem service variables for this analysis. 
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Table 6.4: Ecosystem service variable definitions and descriptive statistics 
Variable names Variable description  Studies Obs. Mean Std. 
Recreation       Providing opportunities for recreational activities 
Baseline category 
98 416 0.43 0.50 
Gas regulation Carbon sequestration 
BD =1: Study of carbon sequestration 
35 91 0.07 0.25 
Disturbance 
regulation 
Storm or flood protection 
BD =1: Study of disturbance regulation 
56 145 0.15 0.36 
Water regulation Irrigation, hydroelectric power,  water 
transportation 
BD =1: Study of water regulation 
31 91 0.09 0.29 
Water supply  Consumptive water for household, industrial 
activities 
BD =1: Study of water supply 
55 132 0.14 0.34 
Erosion control Prevention of soil loss by wind runoff process, 
Storage of silt in the lake and wetland 
BD =1: Study of erosion control 
29 64 0.07 0.25 
Nutrient cycling Nitrogen fixation, phosphorus, potassium, and other 
elemental cycling 
BD =1: Study of nutrient cycling 
5 13 0.01 0.12 
Water Treatment Pollution control/detoxification, filtering of dust 
particles 
BD =1: Study of water treatment 
65 210 0.22 0.41 
 Habitat -
biodiversity 
Nurseries, habitat for migratory species, regional 
habitat and degree of life form  
BD =1: Study of habitat -biodiversity 
111 269 0.28 0.45 
Food production Gross primary production extractable as food 
BD =1: Study of food production 
140 397 0.41 0.49 
Raw materials Gross primary production extractable as raw 
materials 
BD =1: Study of raw materials 
107 262 0.27 0.45 
Culture Providing opportunities for non-commercial uses 
 
BD =1: Study of culture 
25 43 0.04 0.21 
Note: BD denotes a binary variable. 
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(iii) Valuation Method 
Various economic valuation techniques are employed to assess the estimates of 
monetary values of ecosystem services. In this study, the various economic 
valuation approaches are grouped into three techniques based on The 
International Union for Conservation of Nature (IUCN) classification: 
 
(1) Market price based approaches:  
These methods value goods and service at their market prices which commonly 
measure both the direct and indirect use values of ecosystem services. 
 
(1.1) Market price valuation method (Mkt) 
The market price valuation method is used to estimate the economic value of 
ecosystem services bought and sold in markets. This valuation method can 
capture value changes in terms of either the quantity or quality of goods and 
service which is an economic valuation method to directly measure people’s 
actual willingness to pay. 
 
(1.2) Production function 
Production function is employed to assess the change in the quality of ecosystem 
services and how they affect productivity or production costs. For example, 
degradation of coral reefs leading to a decline in fishery production. 
 
(1.3) Replacement cost (RC) 
Replacement cost is applied to determine the cost of providing substitutes for 
ecosystem services. For example, the value of mangrove shoreline protection can 
be estimated based on the cost of providing an equivalent man-made shoreline 
protection or cost of dam construction. 
(1.4) Avoided damage cost (DC) 
The avoided damage technique assesses the cost of repairing the damage that 
could be environmental protection or loss of the wetland area (Turpies et al., 
2010). For instance, the value of coastal defence provided by mangroves would 
be considered to be equal to the cost of repairing infrastructure, building damage 
from erosion and flooding. 
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(1.5) Opportunity cost (OC) 
This is the cost of alternatives forgone in order to pursue a certain action. The 
benefit could be estimated from another perspective, such as using wage forgone 
by labour in the production of non-market goods. 
 
(2) Revealed  preference methods: 
In these methods, the value of ecosystem services is indirectly estimated from the 
purchase prices of goods or services whose market value at least partly relies on 
the quality of ecosystem services (Verma, 2002). 
 
(2.1) Travel cost method (TCM) 
The travel cost method can be used to estimate the willingness to pay for a 
recreation benefit at a specific location via information on the amount of money 
and time individuals expend for visiting recreation sites (Barbier et al.,  1997). 
 
(2.2) Hedonic pricing (HP) 
The HP method seeks to isolate the contribution that ecosystem service attributes 
make to the total market value of property. For example, the proportion of the 
price differential between two otherwise identical houses accounted for being 
within a protected area reveals the purchaser’s value of that attribute (GEC, 
2010). 
 
(3) Stated preference methods 
These methods estimate non-market values by employing individual stated 
behaviour in hypothetical settings (Selassie, 2006). 
 
(3.1)   Contingent Value (CVM)  
This technique constructs a hypothetical market to elicit individual willingness to 
pay (WTP) for an ecosystem service benefit or willingness to accept (WTA) 
compensation for a loss. 
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(3.2)   Choice Experiment (CE) 
This method constructs a hypothetical market to elicit individual willingness to 
pay (WTP). Respondents are asked to state their preference among two or more 
alternatives in choice sets, where each alternative is described by hypothetical 
outcomes of policies. This technique was discussed extensively in Chapter 3 and 
applied in Chapter 4. 
 
Table 6.5 lists the valuation method variable names and definitions, including 
summary statistics. Market market price valuation method is the most frequently 
used methods with 179 studies and 435 observations, followed by contingent 
valuation method (CVM) with 108 studies and 315 observations, while HP is the 
least used method with 2 studies and 3 observations.   
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Table 6.5: Valuation method, variable definitions and descriptive statistics 
Variable names Variable Description  Studies Obs. Mean Std. 
Market  price valuation 
method  (Mkt)     Assigns the value of goods and services traded in the market 
 
Baseline category 
179 435 0.45 0.50 
Production function  
(Pf ) 
Estimate effect of ecosystem services 
loss or gain in earning or productivity 
BD =1: Study applies Pf 
13 
 
49 0.051 0.23 
Travel Cost method 
(TCM) 
Estimate WTP via amount of money 
and time individuals expend for  the 
visiting recreation site  
BD =1: Study applies TCM 
33 128 0.13 0.34 
Hedonic Pricing (HP) Estimate WTP uses the price 
difference in property of related 
products 
BD =1: Study applies HP 
2 3 0.03 0.06 
Replacement cost (RC) Cost of providing substitutes for 
ecosystem services  
BD =1: Study applies RC 
51 133 0.14 0.35 
Avoided damage cost 
(DC) 
Estimate the expenditure to repair the 
damage incurred with the loss of the 
wetland area 
BD =1: Study applies DC 
24 71 0.07 0.26 
Opportunity Cost (OC) Value of next best  alternative use of 
resource 
BD =1: Study applies OC 
24 49 0.51 0.22 
Contingent Value 
(CVM) 
Hypothetical question to obtain WTP 
BD=1: Study applies CVM 
108 315 0.33 0.47 
Choice Experiment 
(CE) 
Estimate WTP based on eliciting 
individual preferences through survey 
BD =1: Study applies CE 
26 103 0.11 0.29 
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(iv) Country Location:    
In this thesis, wetlands in different countries are categorized into the following six 
groups: 
 
(1)  Southeast Asia: All developing countries in ASEAN and China, including 
East Asian country Islands (e.g., Fiji, Guam, Micronesia, and Samoa) 
(2) South Asia: All developing countries located in South Asia (e.g., India, Sri 
Lanka, Pakistan, Nepal, and Bangladesh) 
(3) Africa: All developing countries located in Africa continent except MENA 
Countries (e.g., Botswana, Cameroon, Ethiopia, Ghana, Kenya, Madagascar, 
Malawi, Mozambique, Nigeria, Senegal, Seychelles, South Africa, Tanzania and 
Zambia) 
(4) Latin America: All developing countries located in Latin America (e.g.,  
Tobago, Brazil, Costa Rica, Belize, Venezuela, Mexico, El Salvador, Jamaica,  
Ecuador,  St. Lucia an Guatemala)  
(5) MENA: All developing countries in the Middle East and Northern Africa  
(e.g., Turkey, Iran, Egypt, Tunisia and Armenia) 
(6) Eastern Europe: All developing countries located in Eastern Europe          
(e.g., Poland, Lithuania, Ukraine and Latvia) 
 
Southeast Asia is used as the baseline category for these location variables as this 
has the largest number of studies and observations from this region, as shown in 
Table 6.6. 
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Table 6.6: Location variable definitions and descriptive statistics 
Variable names Variable Description  Studies Obs. Mean Std. 
South East Asia 
 
ASEAN countries,  China, Fiji, Guam, 
Micronesia, Samoa 
Baseline category 
137 463 0.48 0.50 
South Asia All developing countries located in South Asia 
BD =1: Study is South Asia 
57 149 0.16 0.36 
Africa All developing countries located in Africa 
continent except  MENA countries  
BD =1: Study is Africa 
57 171 0.17 0.38 
 Latin America All developing countries located in Latin 
America 
BD =1: Study is Latin America 
33 97 0.10 0.30 
MENA All developing countries in the Middle East and 
Northern Africa 
BD =1: Study is MENA 
15 40 0.04 0.20 
Eastern Europe  All developing countries located in Eastern 
Europe 
BD =1: Study is Eastern Europe 
10 40 0.01 0.20 
 
 
 
(v) External information 
In addition to coding data derived directly from the studies themselves, data were 
also collected from sources that were either partially or totally external to the 
studies. The first variable is the size of the wetland. This was in some cases 
reported in the studies. In other cases, the information had to be collected from 
external sources. The second variable is income, as proxied by GDP per capita. 
This data was collected from the World Bank Development Indicators. These two 
variables are essential for the benefit transfer that is presented in the following 
chapter. They enable analysis of variation in values that could not possibly be 
considered by the primary authors themselves. For example, because most studies 
consider a single wetland site, they are unable to explore the association between 
wetland size and wetland valuation. This is a key advantage of the meta-analysis. 
Similarly, by combining wetland sites from different regions and time periods, we 
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can match the income level associated with that region and time period and, 
thereby, explore the effect of income on valuations. 
 
The explanatory variables used in the multiple MRA are summarized in Table 
6.7. 
 
Table 6.7: Explanatory variables used in the meta-regression analysis 
Group of variables Variables Unit 
Wetland Characteristics Xw  Wetland size ln of area in ha 
  Wetland ecosystem services Group of 12 dummies 
    1. Recreation 
    2. Raw materials 
    3. Food production 
    4. Water supply 
    5. Water regulation 
    6. Carbon sequestration 
    7. Water treatment 
    8. Disturbance regulation 
    9. Erosion control 
    10. Habitat-biodiversity 
    11. Cultural 
  12. Nutrient cycling 
    Group of 7 dummies 
    1. Estuarine 
  Wetland types 2. Riverine 
    3. Palustrine 
    4. Lacustrine 
    
5. Constructed 
6. Marine 
7. Other 
Valuation method Xm  Valuation methods Group of 9 dummies 
    1. Market price valuation method 
    2. Production  function 
    3. Replacement cost 
    4. Hedonic pricing 
    5. Opportunity Cost 
    6. Avoided damage cost 
    
7. Travel cost  method 
8. Contingent valuation 
9. Choice Experiment 
  Quality of study Group of 1 dummies 
    Published 
  Impact factor 
 
Year of survey The year of the survey 
(normalised to the year 2000) 
    
  Real GDP per capita  ln of GDP per capita 
Context characteristic Xc  Ramsar site Dummy 
  Protected Area Dummy 
  Urban Dummy 
    
  Location Group of 6 dummies 
   1. Southeast Asia 
  2. South Asia 
  3. Africa 
  4. MENA 
  5. Latin America 
  6. Eastern Europe 
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6.4  Results and discussion 
6.4.1. Publication selection bias 
The meta-analysis commenced with an analysis of publication selection bias in 
the data. This involves first the construction of funnel plots, and seconds the 
application of FAT-PET tests.  
Figure 6.7 is a funnel plot of 731 of the 960 estimates for which sample 
size is available and, hence, the square root of sample size is used as a proxy for 
precision. Figure 6.8 is a similar funnel plot but this time using only the 411 
observations based on stated preferences. Figure 6.9 is a funnel plot of only those 
studies involving wetlands in Asian developing countries. Funnel plots should be 
symmetric based on the assumptions of underlying data —if the data are not 
normally distributed, then symmetry is not maintained. Estimates that are reported 
with less precision will be distributed at the bottom of the graph. Meanwhile more 
precise estimates will be located at the top of the funnel plot.  
 
Two important points emerge from the funnel plots. First, the funnel plots appear 
to be symmetrical.72 There is no obvious truncation or sign of publication bias in 
this literature. Second, the reported results are highly spread indicating that the 
results are heterogeneous. This heterogeneity is to be expected given that the 
meta-datasets include estimates from different countries and from different types 
of wetlands. It is clear from the funnel plots that precision varies widely between 
estimates; some estimates are reported with relatively poor precision, while others 
are reported with relatively high precision. Consequently, it is clear that not all 
estimates are of the same quality—this is one point in using the inverse of the 
square root of the sample size proxy for standard error. Moreover, it is necessary 
to identify the factors that drive this heterogeneity.  
 
                                                          
72 Note that the key issue here is symmetry, assuming that there was a single population valuation 
that all studies are estimating. In many applications, both positive and negative values are 
reported. However, in this case, negative values are nonsensical. 
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Figure 6.7: Funnel Plot for wetland valuations (n=731) 
 
 
Note: Precision is measured as the square root of sample size. 
 
 
 
Figure 6.8: Funnel Plot for stated preference wetland valuations (n=411) 
 
Note: Precision is measured as the square root of sample size. 
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Figure 6.9: Funnel Plot Asian wetland valuations (n=432) 
 
 
Note: Precision is measured as the square root of sample size. 
 
 
The FAT-PET results are reported in Table 6.8. Columns 1 and 2 present 
the results using OLS robust standard errors and OLS cluster standard errors 
(clustered by study), respectively. Column 3 reports the results using weighted 
least squares (WLS), with the inverse of the square root of the sample size used as 
a proxy for standard error (SE). Column 4 focuses only on the subset of estimates 
that use a stated preference technique. Column 5 focuses only on the subset of 
estimates that deal with wetlands in Asia.  
The results indicate that the coefficient on SE is statistically significant 
only in the OLS (unweighted models), where it has a positive sign.73 This 
suggests the presence of publication selection bias. However, once WLS is 
adopted, there is no evidence of a statistically significant publication selection 
bias. Moreover, the sign on the coefficient for this variable is not robust and is 
negative in two of the columns. The conclusion from Table 6.8 is that the 
                                                          
73 Though the level of statistical significance falls when standard errors are adjusted for data 
clustering. 
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evidence of publication selection bias in this literature is not robust. In contrast, in 
all cases, the constant (or the precision effect test, PET, coefficient from Eq.(6.3)) 
is always positive and statistically significant. This indicates that there is a 
genuine empirical effect net of any selection bias (Stanley, 2008). Comparing 
columns 4 and 5 to column 3, it can be seen that stated preference studies report, 
on average, smaller valuations than when all studies are pooled together and 
Asian wetlands have, on average, higher valuations than when all wetlands are 
pooled together. 
 
Table 6.8: FAT-PET for publication selection and genuine empirical effect 
(Dependent variable = Natural logarithm of annual wetland values per ha) 
  OLS robust 
standard errors 
 
(1) 
OLS clustered 
standard errors 
 
(2) 
WLS clustered 
standard errors 
 
(3) 
WLS Stated 
Preference only 
 
(4) 
WLS Asian 
studies 
 only 
(5) 
SE 13.930*** 13.930* -7.732 34.245 -27.662 
 (4.15) (1.85) (-0.33) (1.63) (-1.38) 
Constant 5.189*** 5.189*** 6.282*** 3.881*** 7.504*** 
 (20.84) (8.76) (4.94) (3.02) (7.05) 
Adjusted R2 .019 .019 .0003 .030 .029 
N 731 731 731 411 439 
Notes:  N is the number of observations. Figures in brackets are t-statistics. *, ***, denote 
statistical significance at the 1% and 10% levels, respectively. SE is the standard error of Lnvalue 
as proxied by the square root of sample size. Regressions report results of estimations of Eq.(6.3).  
 
Table 6.9 repeats the FAT-PET test with the imputed data. This uses the 
maximum possible number of observations (960 observations as opposed to 731 
observations used in Table 6.8). The conclusions are the same: no selection bias 
and a genuine empirical effect. 
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Table 6.9: FAT-PET for publication selection and genuine empirical effect  
with imputed data 
(Dependent variable = Natural logarithm of annual wetland values per ha) 
  
OLS robust 
standard 
errors 
 
(1) 
OLS clustered 
standard 
errors 
 
(2) 
WLS 
clustered 
standard 
errors 
 
(3) 
WLS Stated 
Preference 
only 
(4) 
WLS Asian 
studies 
 only 
(5) 
SE 7.228* 7.228 -6.162 31.568 -20.989 
(1.97) (1.36) (-0.35) (1.57) (-1.18) 
Constant 5.704*** 5.704*** 6.308*** 4.033*** 7.202*** 
(24.31) (13.84) (7.08) (3.30) (8.29) 
N 960 960 960 418 612 
Imputations 50 50 50 50 50 
Notes:  N is the number of observations. Figures in brackets are t-statistics. *, ***, denote 
statistical significance at the 1% and 10% levels, respectively. SE is the standard error of  Lnvalue 
as proxied by the square root of sample size. Regressions report results of estimations of Eq.(6.3). 
 
6.4.2  OLS MRA results  
The MRA results using OLS (with no weights so that each wetland valuation is 
given an equal weight and no correction for publication selection bias) are 
reported in Table 6.10. These results are the baseline results. Column 1 is a 
general model with all 38 potential moderator variables included, estimated using 
OLS with robust standard errors. Column 2 reports the same model using 
clustered standard error (clustered by study). Column 3 reports the results after 
removing variables that were not statistically significant at least at the 10% level, 
i.e., a general-to-specific modelling strategy was adopted. Column 4 reports 
results using robust regression. This model accommodates the effects of any 
outliers. Column 5 reports the general model using clustered standard errors after 
removing estimates that were not related to Southeast Asia. The idea behind this 
is to derive an MRA using a sample that is perhaps more relevant to Thailand. 
Finally, column 6 reports the results of the general OLS model with cluster 
standard error after removing any estimates from upper middle income and high 
income developing countries.  
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The adjusted R2 value is relatively high, varying between .475 and .497, 
indicating that close to half of the variation in reported wetland values is 
explained by the MRA models.  
 
Table 6.10:  OLS meta-regression results 
(Dependent variable is the natural logarithm of the wetland value per hectare per 
year at US 2002 constant prices) 
Variable All data, 
robust SE 
 
 
(1)  
All data, 
cluster SE 
 
 
(2) 
All data, 
General-to-
Specific, 
cluster SE 
(3) 
Robust 
regression 
  
 
(4) 
ASEAN 
cluster SE, 
 
 
(5) 
Low income, 
cluster SE  
 
 
(6) 
Constant 4.589*** 4.589*** 4.243** 3.779*** 6.765** 6.981 
 (1.130) (2.426) (1.789) (1.135) (3.049) (4.576) 
Size (LnArea) -.289*** -.289*** -.300*** -.260*** -.374*** -.201*** 
 (0.033) (0.054) (0.048) (0.032) (0.086) (0.57) 
Riverine .411 .411  .297 .695 -.839 
 (.0.273) (0.454)  (0.290) (0.764) (0533) 
Marine 2.147*** 2.147*** 2.183*** 2.234*** 1.989*** 2.073*** 
 (0.240) (0.499) (0.419) (0.253) (0.606) (0.773) 
Constructed -.149 -.149  -.068 -.406 -1.860** 
 (0.514) (0.724)  (0.559) (1.398) (0.616) 
Lacustrine .581** .581  .534** 1.738 -1.219** 
 (0.285) (0.695)  (0.257) (1.145) (0.616) 
Palustrine -.661** -.661  -.844*** -.26 -.988* 
 (0.276) (0.522)  (0.299) (0.673) (0.567) 
Other wetlands 1.986 1.986  -.054 1.628 -1.005 
 (0.417) (0.565)  (0.445) (1.012) (0.697) 
Disturbance regulation .045 .045  .053 .409 -.270 
 (0.228) (0.354)  (0.270) (0.557) (0.424) 
Water regulation  .054 .054  .226 -.469 .639 
 (0.346) (0.480)  (0.344) (0.641) (0.525) 
Water Supply -.599** -.599  -.484* -.15 -.039 
 (0.259) (0.362)  (0.24) (0.823) (0.357) 
Nutrient cycling .534 .534  1.726*** .511 .819 
 (0.758) (1.054)  (0.639) (1.576) (0.888) 
Erosion control -.243 -.243  -.114 -1.185* -.297 
 (0.351) (0.477)  (0.332) ('0.629) (0.499) 
Carbon sequestration -.051 -.051  .096 .434 .217 
 (0.339) (0.488)  (0.374) (0.811) (0.535) 
Water treatment 1.818*** 1.818*** 1.925*** 1.951*** 1.431** .857** 
 (0.216) (0.451) (0.471) (0.215) (0.670) (0.406) 
Biodiversity-Habitat 1.140*** 1.140*** 1.254*** 1.172*** 0.703 1.442*** 
 (0.205) (0.347) (0.297) (0.203) (0.562) (0.441) 
Food production .476** .476 .789* .501** 1.119* .667 
 (0.236) (0.386) (0.428) (0.233) (0.596) (0.457) 
Raw materials .199 .199  .374* -.136 .409 
 (0.211) (0.284)  (0.227) (0.361) (0.276) 
 
Culture 
 
.682 
 
.682 
  
.387 
 
1.956** 
 
-.213 
 (0.419) (0.535)  (0.406) (0.792) (0.660) 
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RC .405 .405  .111 .454 .205 
 (0.297) (0.446)  (0.283) (0.597) (0.491) 
CVM -1.388*** -1.388*** -1.419*** -1.413*** -1.185** -1.508*** 
 (0.231) (0.361) (0.378) (0.226) (0.511) (0.387) 
CE -1.524*** -1.524*** -1.567*** -1.501** -.831 -1.030* 
 (0.285) (0.488) (0.443) (0.311) (0.636) (0.598) 
TCM -.164 -.164  -.438 -.152 1.001** 
 (0.296) (0.668)  (0.262) (0.736) (0.459) 
Production function .632* .632  1.021*** .764 .679 
 (0.356) (0.526)  (0.358) (0.751) (0.666) 
Opportunity Cost .253 .253  .086 1.163 -.691 
 (0.338) (0.551)  (0.377) (0.931) (0.639) 
Hedonic pricing -3.253** -3.253** -3.311*** -3.338* -2.369** -3.208*** 
 (0.757) (0.795) (0.663) (1.264) (0.924) (0.916) 
Avoided damage cost .367 .367  .135 .404 .083 
 (0.282) (0.421)  (0.341) (0.697) (0.513) 
Impact factor -.129 -.129  -.118 .164 -.044 
 (0.085) (0.179)  (0.089) (0.261) (0.163) 
Published -.624*** -.624 -.684** -.696*** -1.198** -.402 
 (0.086) (0.194) (0.352) (0.203) (0.519) (0.388) 
Year of survey  -.098*** -.098*** -.102*** -.105*** -.088** -.108*** 
 (0.014) (0.029) (0.028) (0.015) (0.041) (0.034) 
Protected area 1.079*** 1.079** 1.032** 1.222*** .237 .253 
 (0.259) (0.503) (0.456) (0.259) (0.700) (0.883) 
Ramsar -.638*** -.638* -.862** -.740*** -1.466* .083 
 (0.218) (0.357) (0.390) (0.234) (0.818) (0.402) 
Urban 1.244*** 1.244** 1.103* 1.059*** 3.525*** 1.291** 
 (0.378) (0.578) (0.581) (0.331) (0.662) (0.647) 
GDP per capita 
(LnGDP) 
.475*** .475* .527** .541** .269 -.009 
 (0.123) (0.278) (0.217) (0.123) (0.335) (0.553) 
MENA -.762* -.762*  -1.129***  -.887 
 (0.449) (0.711)  (0.398)  (0.831) 
South Asia -.468** -.468  -.461***  .701 
 (0.230) (0.488)  (0.244)  (0.503) 
Africa .313 .313  .506**  .391 
 (0.242) (0.518)  (0.256)  (0.684) 
Latin America .164 .164  .006   
 (0.263) (0.490)  (0.289)   
Eastern Europe 1.995*** 1.995*** 2.066** 2.216***   
 (0.476) (1.097) (1.025) (0.402)   
Number of 
observations 
960 960 960 960 463 506 
Number of studies 309 309 309 309 137 162 
R2 .508 .508 .483 .515 .517 .531 
Adjusted R2 .487 .487 .475 .495 .479 .496 
F 36.73*** 13.68*** 26.47*** 22.68*** 14.71*** 86.37*** 
Notes: Figures in the brackets are standard errors. *,**, ***, denote statistical significance at the 
10%, 5%, and 1% levels, respectively. Column 3 reports results using the general-to-specific 
modelling strategy. Regressions report results of estimations of Eq.(6.1). 
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Wetland characteristics 
Regarding the influence of wetland size on wetland value, the findings are 
consistent across all models. The coefficient on lnArea is negative and 
statistically significant. This finding is very common in the literature and is 
interpreted as indicating decreasing returns to scale. Decreasing returns to scale 
means, for example, that increasing wetland size by one hectare adds more to the 
value of a small wetland than it does to a larger wetland. An alternative 
interpretation is that this result is picking up declining marginal values. 
Concerning the influence of wetland types on wetland value, the 
coefficients on marine wetlands are consistently positive and statistically 
significant across all models. That is, on average, marine wetlands have a higher 
value than estuarine wetlands. Constructed and palustrine wetlands tend to have a 
lower value than estuarine wetlands across all models, while riverine and 
lacustrine wetlands in all models tend to lead to higher values than estuarine 
wetlands except in column 6. However, most of the coefficients on these variables 
are not statistically significant. 
In terms of the effects of wetland ecosystem services on wetland value, the 
coefficients on water treatment are consistently positive and highly statistically 
significant across all models. This indicates that wetlands providing services for 
water treatment have higher values than those used for recreation. The coefficient 
on habitat-biodiversity is positively and statistically significant across all models 
except in column 6. This can be interpreted as indicating that wetlands supporting 
habitat-biodiversity are more valuable than recreational wetlands. Wetland 
services for food production, disturbance regulation, water regulation, nutrient 
cycling, carbon sequestration, raw materials and culture tend to have higher 
values than recreation, while water supply and erosion control tend to lead to 
lower values than recreation. However, most of the coefficients on these variables 
are not statistically significant. 
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Valuation method 
The results for the valuation method dummy variables indicate that the 
coefficients on CVM and CE are consistently negative and statistically significant 
across all general MRA models. This indicates that the CVM and CE produce 
wetland values that are significantly lower than the market price valuation 
method. The coefficient on the hedonic pricing method is consistent negatively 
and statistically significant across all models. This means that values estimated by 
hedonic pricing are lower than those estimated by market price valuation method. 
Replacement cost, production function, opportunity cost and avoided damage cost 
estimates tend to produce wetland values higher than the market price valuation 
method, while wetland values estimated by TCM tend to have lower value than 
estimates by market price valuation method. 
As regards to the influence of the year the survey was conducted on the 
wetland values, the MRA findings are consistent across all models. The 
coefficient on year of the survey has a negative sign and is statistically significant. 
This suggests that annual wetland values have been falling by approximately 8 to 
10 per cent. One explanation for this might be that preferences are changing. An 
alternative explanation is that perhaps the more valuable wetlands have been 
examined first. Subsequent studies have explored wetlands of inherent less value 
generating a time trend in the values. A third explanation is that perhaps this is 
another example of the “declining effect” (Lehrer, 2010).74  
Pertaining to the influence of study quality on wetland values, most of the 
coefficients on publication are negative and statistically significant. This indicates 
that the published studies tend to report lower values than the unpublished studies. 
Moreover, studies published in journals with a higher impact factor tend to report 
lower wetland values than studies published in journals with a lower impact 
factor. 
 
                                                          
74 In the context of wetlands, the declining effect explanation suggests that the earlier studies 
report larger values in order to increase the likelihood of getting published. Subsequent studies 
report smaller effects which are closer to the “true” value. This means that it is not the case that 
wetland values are falling. Rather, it is an artefact of the research process. 
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Socio-economic factors 
In terms of the influence of socioeconomic variables on wetland values, the 
findings are consistent across all general MRA models. The coefficient on 
protected areas is positive and highly statistically significant. This can be 
interpreted to mean that wetlands designated as protected areas are more valuable 
than those from other sites. The coefficient on Ramsar sites is negative and 
statistically significant. This result suggests that wetlands designated as a Ramsar 
site have a lower value than other sites. The coefficient on Urban is positive and 
highly statistically significant. This result indicates that wetlands located in urban 
areas have higher values than wetlands located in rural areas. The coefficient on 
GDP per capita is positive and statistically significant. Hence, if GDP per capita 
of a country increases by 1 per cent, wetland values increase by roughly 0.5 per 
cent. That is, wetland values in developing countries are income inelastic. The 
results is similar to the findings of Borisova-Kidder (2006), Ghermandi et al., 
(2007), Lui and Stern (2008), Ghermandi et al., (2009), Brouwer (2009), Salem 
and Mercer (2012) confirming that wetland values both in developed and 
developing countries75are income inelastic. The MRA results also mean that 
wetlands are a normal good. 
 
Location 
In regards to the effect of location on wetland value, the coefficient on Eastern 
Europe is consistently positive and highly significant at a level of 0.01 across all 
general MRA models. These results show that wetlands situated in Eastern 
Europe are more valuable than those in Southeast Asia. The coefficient on MENA 
is negative and statistically significant; wetlands located in MENA countries have 
lower values than those in Southeast Asia. Wetland values in Africa and Latin 
America tend to be higher than Southeast Asia. 
 
 
                                                          
75 Meta-datasets of these studies were derived from both developed and developing countries.  
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6.4.3 WLS MRA results  
The advantage of the OLS MRA models reported in Table 6.10 is that they enable 
the use of the maximum number of observations. However, the main problem 
with these results is that they assign an equal weight to each estimate. This is 
valid if every estimate was somehow deemed to be of equal importance. In 
general, this will not be the case. It is standard in MRA to use WLS, with inverse 
variance chosen as the ideal weight (Stanley and Doucouliagos, 2012). As already 
noted, measures of variance are not available in this literature. One solution is to 
proxy standard error by sample size. Stanley and Rosenberger (2010) advocate 
the use of the square root of sample size instead of precision and this is used here 
both as a control for selection bias (by adding a publication selection bias term in 
as an explanatory variable) and using sample size as weights in WLS.  
 
The meta-regression results using WLS are presented in Table 6.11. 
Column 1 presents the results of the general model using cluster adjusted standard 
errors. Column 2 reports the resulting general-to-specific model. Columns 3 and 4 
present the results using only data from Southeast Asia and from low income 
developing countries, respectively. The adjusted R2 (ranging from .604 to .764) 
indicates a high degree of explanatory power, with more than half of the variation 
in reported wetland values explained by the MRA. 
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Table 6.11: WLS meta-regression results 
Variable 
 
WLS 
All data, 
cluster SE 
 
(1) 
WLS All 
data, 
General-to-
Specific, 
cluster SE  
(2) 
WLS ASEAN 
cluster SE, 
 
 
(3) 
WLS Low 
income, 
cluster SE  
 
(4)  
Constant .888 -.005 4.02 5.259 
 (3.28) (2.678) (4.373) (4.360) 
Size (LnArea) -.372*** -.343*** -.566*** -.011 
 (0.101) (0.082) (0.115) (0.079) 
Riverine .756  -.679 -3.160*** 
 (0.653)  (1.599) (0.795) 
Marine 2.195*** 1.647*** 2.036*** 2.328*** 
 (0.540) (0.486) (0.732) (0.566) 
Constructed -.749  1.845 -2.449** 
 (1.118)  (2.234) (0.945) 
Lacustrine .912  2.119** -1.244* 
 (0.809)  (0.953) (0.674) 
Palustrine .829  1.409 -.472 
 (0.960)  (1.167) (0.541) 
Other wetlands -.496  .815 -2.124*** 
 (0.886)  (1.310) (0.659) 
Disturbance regulation .422  1.530* -.635 
 (0.473)  (0.829) (0.735) 
Water regulation  -1.086 -1.762*** -1.258 .389 
 (0.753) (0.664) (0.810) (0.665) 
Water Supply -.647  -1.865** .093 
 (0.728)  (0.885) (0.498) 
Nutrient cycling 1.708  1.599 -2.452** 
 (1.304)  (1.535) (0.971) 
Erosion control -1.022  -2.041** -.866 
 (0.738)  (0.877) (0.674) 
Carbon sequestration -1.156  2.001 -2.032** 
 (0.854)  (1.311) (0.904) 
Water treatment 2.466*** 3.032*** 1.721* 1.239*** 
 (0.616) (0.456) (1.033) (0.459) 
Biodiversity-Habitat 1.064*** 1.246** .016 1.486*** 
 (0.416) (0.487) (0.571) (0.381) 
Food production .616 .931** 1.235** .591 
 (0.447) (0.447) (0.512) (0.440) 
Raw materials .227  -1.084* .263 
 (0.471)  (0.626) (0.367) 
Culture .858  .773 1.201* 
 (0.775)  (1.005) (0.720) 
Replacement cost .746  .937 2.155*** 
 (0.618)  (0.623) (0.686) 
CVM -1.521*** -1.574*** -.550 -1.450*** 
 (0.491) (0.452) (0.452) (0.375) 
CE -1.491** -1.401** 1.07 -.469 
 (0.729) (0.661) (0.885) (0.719) 
 
TCM 
 
.156 
  
1.257* 
 
1.363** 
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 (0.551)  (0.700) (0.538) 
      
Production function .724  .849 2.483*** 
 (0.677)  (0.956) (0.853) 
Opportunity Cost .724  3.611 -1.309** 
 (0.677)  (1.387) (0.528) 
Hedonic pricing -2.588** -2.323*** -.514 -2.370** 
 (1.038) (0.884) (1.946) -1.092 
Avoided damage cost .212  3.156*** 1.066 
 (0.591)  (1.095) (0.651) 
Impact factor -.331 -0.348** .297 .312 
 (0.223) (0.139) (0.505) (0.234) 
Published .282  -1.007 -.067 
 (0.608)  (0.968) (0.481) 
Year of survey 2000 -.108** -.088* -.139* -.0345 
 (0.044) (0.048) (0.083) (0.038) 
Protected area 1.230** 1.138** -0.231 0.298 
 (0.589) (0.571) (0.754) (0.655) 
Ramsar -.819* -0.891** -.102 .282 
 (0.428) (0.427) (0.821) (0.367) 
Urban .678  4.374*** .681 
 (0.706)  (0.940) (0.955) 
GDP per capita 
(LnGDP) 
.895*** 1.057*** .671 -.321 
 (0.342) (0.292) (0.467) (0.529) 
MENA -.174   .714 
 (0.764)   (0.912) 
South Asia 1.088*   2.858*** 
 (0.568)   (0.478) 
Africa .792 .852*  1.501** 
 (0.669) (0.457)  (0.623) 
Latin America .124    
 (0.551)    
East Europe 1.308    
 (1.392) 
 
 
   
Number of observations 731 731 306 364 
Number of studies 242 242 99 128 
R2 .645 .604 .764 .739 
Adjusted R2 .626 .596 .735 .710 
F 42.34*** 43.80*** 105.1*** 412.75*** 
Notes: Figures in the brackets are standard errors. *,**, ***, denote statistical significance at the 
10%, 5%, and 1% levels, respectively. The square root of sample size is used as a proxy for the 
standard error of each valuation. Regressions report results of estimations of Eq. (6.1). 
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Wetland characteristics 
On the issue of whether wetland values exhibit increasing or decreasing returns to 
scale, the coefficients on LnArea are consistently negative and statistically 
significant across all models except Model 4, representing significant decreasing 
returns to scale. The negative coefficient on LnArea means that an increase in 
wetland size of 1 per cent leads to a fall in the average wetland value of .37 per 
cent (in Model 1), .34 per cent (in Model 2) and .57 per cent (in Model 3). These 
elasticities are larger than the findings of Woodward and Wui (2001), Borisova- 
Kidde (2006), Emjolras and Boisson (2007), Ghermandi et al., (2007), Ghermandi 
et al., (2009), and Brouwer (2009). 
Concerning the influence of wetland types on wetland values, the 
coefficients on marine wetlands are generally consistently positive and 
statistically significant. The results suggest that marine wetlands have a higher 
value than estuarine wetlands. However, it cannot be concluded that riverine, 
constructed, lacustrine, palustrine and other wetlands tend to have higher or lower 
values than estuarine wetlands since the coefficients on these wetland types have 
different signs and are mostly statistically insignificant. 
Regarding the influence of wetland ecosystem services on wetland value, 
the coefficients on water treatment are consistently positive and statistically 
significant across all models. The results indicate that wetlands that perform water 
treatment functions are more valuable than wetlands that provide recreational 
opportunities. The coefficients on habitat-biodiversity are positive and statistically 
significant across all models except Model 3. The results imply that wetlands that 
support habitat and biodiversity have higher values than wetlands that provide 
recreational opportunities. Wetlands providing services for disturbance regulation 
and nutrient cycling, food production, raw materials and cultural values tend to 
have higher value than wetlands providing recreation, whereas wetlands 
providing water supply, water regulation, erosion control and carbon 
sequestration tend to lead to lower values than wetlands providing recreation. 
However, most of the coefficients of these variables are not statistically 
significant. 
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Valuation method 
In terms of valuation method, the dummy variables on the coefficients on CVM, 
CE and hedonic pricing are consistently negative and statistically significant. The 
results indicate that the value estimate from the CVM, CE and hedonic pricing are 
lower than estimates based on market price valuation method, replacement cost, 
TCM, production function, and opportunity cost and avoided damage cost tend to 
produce higher wetland values than market price valuation method. 
Pertaining to the influence of the year of the survey on the wetland value, 
the coefficients on year of survey are consistently negative and statistically 
significant across all models.  
On the issue of whether the quality of studies effects wetland value 
obtained, the published studies tend to estimate lower values than the unpublished 
studies. The studies published in high impact factor journals tend to estimate 
lower values than studies published in low impact factor journals. However, most 
of the coefficients on these variables are not statistically significant. 
 
Socioeconomic factors 
For the socioeconomic variables, the coefficients on protected areas are 
consistently positive and highly significant across models. Wetlands designated as 
protected areas have higher values than other sites. The coefficients on Ramsar 
sites are consistently negative and statically significant across all data model. The 
results suggest that wetlands designated as a Ramsar site are less valuable than 
other sites. The coefficients on GDP per capita are positive and statistically 
significant across all data model. The results suggest that GDP per capita has a 
positive effect on wetland value. Wetlands located in urban areas tend to have 
higher values than wetlands located in rural areas. 
 
Location 
Concerning the effect of location on wetland value, most of the coefficients on 
location variables are insignificant. Wetlands located in MENA countries tend to 
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have lower values than South East Asia, while wetlands located in South Asia, 
Africa, and Latin America tend to have higher values than South East Asia. 
 
 
6.4.4 WLS MRA results with imputed data 
The WLS MRA results presented in Section 6.4.3 above can be extended 
by applying WLS to the imputed data. The key advantage to doing so is that it 
increases the number of observations to which the MRA is applied. These results 
are presented in Table 6.12. 
 
Table 6.12: WLS meta-regression with imputed data 
Variable WLS          
ll d
WLS         
ll d
WLS cluster SE WLS cluster SE 
i     
(1)
cluster SE  
(2)
 
(3)
  
(4)Constant 1.599 .635 3.523 9.483** 
(2.522) (1.956) (3.344) (4.498) 
Size (LnArea) -.266*** -.251*** -.315*** -.106 
(0.059) (0.082) (0.095) (0.0629) 
Riverine .389 .334 -.954 
(0.569) (1.024) (0.607) 
Marine 1.568*** 1.920*** 1.610** 0.853 
(0.508) (0.424) (0.723) (0.784) 
Constructed -.381 -.509 -2.291** 
(1.015) (1.535) (0.966) 
Lacustrine .018 0.404 -1.896** 
(0.759) (1.367) (0.814) 
Palustrine .382 -.873 -1.364** 
(0.659) (0.796) (0.654) 
Other wetlands -.556 -.852 -2.666*** 
(0.822) (1.305) (.1.023) 
Disturbance regulation .294 .194 -.418 
(0.436) (0.674) (0.558) 
Water regulation  -0.673 -0.788** -.796 -.055 
(0.391) (0.381) (0.936) (0.562) 
Water Supply -0.032  .322 .149 
(0.391)  (0.743) (0.402) 
Nutrient cycling 1.149 .860 1.629 
(0.957) (1.374) (1.809) 
Erosion control .103 -.826 -.323 
(0.540) (0.813) (0.578) 
Carbon sequestration -.535 .146 -.456 
(0.633) (0.998) (0.982) 
Water treatment 1.950*** 1.839*** 1.944** .625 
(0.481) (0.395) (0.770) (0.484) 
     
 Biodiversity-Habitat .909** 1.224*** .073 1.007*** 
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(0.462) (0.379) (0.746) (0.554) 
Food production .748 1.007** .958 1.341 
(0.470) (0.421) (0.653) (0.526) 
Raw materials .196 -.006 .003 
(0.355) (0.441) (0.355) 
Culture .670 1.953* -.453 
(0.643) (1.098) (0.905) 
Replacement cost .206 .987 .706 
(0.530) (0.741) (0.812) 
CVM -1.438*** -1.413*** -1.757*** -1.441*** 
(0.410) (0.390) (0.568) (0.474) 
CE -1.758*** -2.104** -1.211 -1.559 
(0.650) (0.545) (0.762) (0.721) 
TCM .198 .244 1.333** 
(0.586) (0.740) (0.558) 
      
Production function . 885 1.674 1.797** 
(0.633) (1.034) (0.824) 
Opportunity Cost .990 1.501 .174 
(0.531) (1.021) (0.694) 
Hedonic pricing -2.984*** -2.234*** -2.345* -2.986*** 
(0.801) (0.326) (1.138) (1.126) 
Avoided damage cost -.282 .046 -.158 
(0.444) (1.753) (0.591) 
Impact factor -.275 -.179 .321 
(0.178) (0.0.323) (0.718) 
Published .433 -1.289** -.700 
(0.484) (0.616) (0.573) 
Year of survey 2000 -.060* -.066 -.081 
(0.044) (0.045) (0.041) 
Protected area .879  .511 .321 
(0.572)  (0.864) (0.718) 
Ramsar -.900** -1.274*** -1.425 .002 
(0.407) (0.383) (0.866) (0.451) 
Urban 1.503** 1.573*** 3.456*** 1.891** 
(0.615) (0.535) (0.808) (0.739) 
GDP per capita (LnGDP) .821*** .904*** .667* -.463 
(0.276) (0.208) (0.367) (0.624) 
MENA -1.409** -1.332*  -.458 
(0.653) (0.645)  (0.873) 
South Asia -.250  1.278** 
(0.619)  (0.574) 
Africa .274   .210 
(0.605)   (0.738) 
Latin America .002   
(0.513)   
East Europe .581   
(1.368) 
Number of observations 960 960 463 506 
Number of studies 309 309 137 162 
F 33.38*** 64.70*** 26.67*** 77.88*** 
Notes: Figure in the brackets are standard error, *,**, ***, depict significant at the 10%,5% and 1% levels, respectively. 
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6.4.5 Fixed effects and study quality  
As already noted, the meta-dataset has an unbalanced panel type format. Some 
studies report a single valuation, while others report several. The mean number of 
estimates is 4. Given this low dimensionality, it is acceptable to simply ignore the 
panel nature of the data and estimate the MRA models using pooled OLS and 
WLS, as in Tables 6.10, 6.11, and 6.12. Nevertheless, for the sake of robustness, 
Appendix 6.2 reports estimates using the fixed effects multilevel (FEML) 
estimator: 
¦  ijjijkijkij vSEZeffect HEEE 10                                               (6.5)
    
 where v are study level fixed effects. The advantage of this model is that it is one 
way of controlling for study quality (Stanley and Doucouliagos, 2012). The fixed 
effects are not reported here. However, they are jointly statistically significant, 
with an F-test (308, 624) value of 13.62 and a p-value of 0.00. For comparison 
purposes, Appendix 6.3 presents the associated random effects (REML) 
estimates. 
 
6.4.6  Robustness and sensitivity analysis 
Leamer (1983) has made a strong case for the need for sensitivity analysis in 
empirical work. The robustness and sensitivity of the MRA coefficients was 
explored in three ways. First, several alternate estimators were employed. This 
form of sensitivity analysis is common in meta-analysis. These results were 
reported in Tables 6.10 to 6.12 above. 
Second, the sensitivity of key variables was explored with respect to 
specification differences in the MRA. This form of sensitivity analysis is actually 
rare in meta-analysis (and in applied economics in general). For this exercise, 
three variables were chosen as “core” variables: LnArea, LnGDP, and CE. These 
three variables are included in every regression. Then, 13 other variables were 
included in all possible linear combinations. The MRA was thus repeated a total 
of 65,536 times, with each MRA regression including the three core variables and 
various combinations of the other 13 variables. The 13 alternating variables were 
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identified from the WLS general-to-specific results (Table 6.11, column 2). 
Regional dummies were also included. 
The results from this sensitivity analysis exercise are reported in Table 
6.13. Columns 1, 2, 3, and 4 report the maximum, minimum, average (of all 
regression) values, and average standard deviation of the MRA coefficients, 
respectively. Column 5 reports the percent of regressions for which the associated 
MRA coefficient is statistically significant at the 5% level of significance. 
Columns 6, 7, and 8, report the percent of time the variable has a positive 
coefficient, a negative coefficient, and the average t-statistic, respectively. 
These results indicate that the coefficients for LnArea, marine, and water 
treatment are very robust, with 99 per cent of all regressions having LnArea and 
marine, and 100 per cent having water treatment as a statistically significant 
variable. In all cases, LnArea has a negative coefficient, while marine and water 
treatment have a positive coefficient. For all three variables, the magnitude of the 
effect is large; it is of economic significance. The other variables that are fairly 
robust are LnGDP, water supply, and CVM. All the other variables are not as 
robust. 
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Table 6.13: Sensitivity analysis of MRA coefficients, WLS estimates 
Core 
Maximum Minimum Average Average 
standard 
deviation 
% 
statistically 
significant 
% 
positive 
% 
negative 
Average 
t-
statistic 
variables (1) (2) (3) (4) (5) (6) (7) (8) 
                 
LnArea -.230 -.569 -.386 .116 .995 0 1 3.407 
LnGDP 1.349 .351 .838 .327 .864 1 0 2.584 
CE .297 -2.660 -1.010 .730 .244 .046 .954 1.371 
Other variables 
Marine 2.783 1.172 1.958 .609 .990 1 0 3.252 
Water supply -.371 -2.527 -1.383 .549 .806 0 1 2.481 
Water 
treatment 3.326 1.795 2.506 .651 1.000 1 0 3.853 
biodiversity-
habitat 1.559 -.424 .552 .531 .218 .863 .137 1.168 
Food 
production 1.545 .257 .946 .505 .443 1 0 1.885 
CVM -.640 -2.001 -1.260 .558 .720 0 1 2.285 
Hedonic 
pricing .707 -5.072 -2.099 1.158 .455 .013 .987 1.832 
Impact factor .081 -.575 -.271 .253 .009 .008 .992 1.076 
Year of 
survey -.022 -.151 -.085 .052 .217 0 1 1.649 
Protect area 2.335 .307 1.339 .666 .516 1 0 2.011 
Ramsar -.006 -1.967 -.933 .542 .385 0 1 1.708 
Africa 1.528 -.732 .387 .794 .005 .778 .222 .636 
MENA .203 -3.217 -1.460 .865 .312 .001 .999 1.642 
South Asia 2.130 .014 1.086 .674 .211 1 0 1.598 
Latin 1.906 -.663 .516 .628 .079 .863 .137 .890 
East Europe 2.098 -.277 1.009 1.554 .000 .989 .011 .661 
 
The third set of sensitivity analysis involved running a set of “rolling” 
meta-regressions. This form of sensitivity analysis is also rare in meta-analysis. It 
is also not common in applied economics in general.76 The rolling regressions 
were conducted as follows. The dataset was arbitrarily ordered and meta-
regressions were then run using 300 observations. The rolling regressions then 
involved dropping 10 of the initial observations and simultaneously adding 10 
new observations. This process was repeated 67 times. The preferred MRA results 
remain those presented in Tables 6.10 to 6.12. However, the idea behind the 
                                                          
76 It is more prevalent in time-series econometrics. 
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rolling regressions is to see how sensitive the MRA coefficients are to changes in 
the samples used.  
Figures 6.10 to 6.15, trace the coefficients on LnArea, LnGDP, CE, 
marine, water treatment and CVM, respectively. In all cases, the MRA 
coefficients are not stable with respect to arbitrary sub-samples. Of the six 
variables illustrated, LnGDP and CVM are the only ones to consistently have 
coefficients that are different to zero. For the other variables, it is possible to find 
a subset of the data that produces a zero coefficient. However, for most 
combinations of the data, the results produce consistent directional coefficients, 
though not necessarily consistent magnitudes. 
These figures can be interpreted as a lack of robustness in the MRA 
coefficients. It is unclear whether this is a normal situation in meta-analysis or 
just a feature of this dataset. It would be very interesting to compare the 
robustness of other MRA studies. 
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Figure 6.10: Rolling meta-regression 
coefficient, Lnarea 
 
Figure 6.11: Rolling meta-regression coefficient, 
LnGDP 
 
Figure 6.12: Rolling meta-regression 
coefficient, CE 
 
Figure 6.13: Rolling meta-regression coefficient, 
Marine 
 
Figure 6.14: Rolling meta-regression 
coefficient, Water treatment
Figure 6.15: Rolling meta-regression coefficient, 
CVM
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6.4.7  Discussion 
There is a large degree of consistency in the results. OLS WLS, WLS with 
imputed data and OLS FELM and OLS RELM produce a number of similar 
findings. These are summarized in Table 6.14. 
 
Table 6.14: Summary of key MRA variable coefficients 
Moderator 
variable 
OLS 
(Table 6.10) 
WLS 
(Table 6.11) 
WLS with 
imputed data 
(Table 6.12) 
OLS FELM 
(Appendix 6.2) 
OLS RELM 
(Appendix 6.3) 
Size (LnArea) -.300*** 
(0.048) 
-.372*** 
(0.101) 
-.251*** 
(0.082) 
-.203*** 
(0.065) 
-.287*** 
(0.036) 
Marine 2.183*** 
(0.499) 
1.647*** 
(0.486) 
1.864*** 
(0.424) 
.956* 
(0.513) 
1.245*** 
(0.297) 
Food production .789* 
(0.428) 
.931** 
(0.447) 
1.007** 
(0.421) 
.689** 
(0.310) 
.620*** 
(0.205) 
CVM -1.419*** 
(0.378) 
-1.574*** 
(0.643) 
-1.413*** 
(0.390) 
-.871*** 
(0.209) 
-.681*** 
(0.238) 
CE -1.524*** 
(0.285) 
-1.401** 
(0.661) 
-2.104** 
(0.545) 
 -1.065** 
(0.443) 
Water treatment 1.925*** 
(0.419) 
3.032*** 
(0.456) 
1.839*** 
(0.359) 
 .656** 
(0.263) 
Biodiversity-
Habitat 
1.254*** 
(0.471) 
1.246** 
(0.487) 
1.224*** 
(0.379) 
 .634*** 
(0.190) 
GDP per capita 
(LnGDP) 
.527** 
(0.217) 
1.057*** 
(0.292) 
.904*** 
(0.208) 
 .732*** 
(0.138) 
Ramsar -.826*** 
(0.390) 
-.891** 
(0.427) 
-1.274*** 
(0.383) 
 -.609** 
(0.258) 
Hedonic pricing -3.331*** 
(0.663) 
-2.323*** 
(0.884) 
-2.234*** 
(0.326) 
  
Protected Area 1.032** 
(0.456) 
1.138* 
(0.571) 
  1.339*** 
(0.377) 
Year of survey -.102*** 
(0.028) 
-.088* 
(0.048) 
  -.053** 
(0.022) 
Urban 1.103* 
(0.390) 
 1.573*** 
(0.535) 
 2.438*** 
(0.389) 
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Wetland characteristics 
The coefficients on wetland size are consistently negative and statistically 
significant across all models. Similar findings are reported by Woodward and 
Wui (2001), Brander et al. (2006), Broisova-Kidder (2006), Emjoras and Boisson 
(2007), Ghermani et al. (2007), Brouwer (2009), and Ghermani et al. (2009). One 
possible explanation for this finding might be that small wetlands face high 
pressure from human activities that translate into higher values, especially 
wetlands surrounded by a densely populated area.  
The MRA controls for seven different types of wetlands. Of these, marine 
wetlands produce the highest value. One explanation for this is that in developing 
countries, coral reefs are particularly important as they make an important 
contribution to local economies, especially commercial fishing and tourism (Ried-
Grant and Bhat, 2009). Coral reefs attract a relatively larger number of foreign 
tourists which possibly raises the value of this type of wetland relative to other 
wetlands (see Salem and Mercer, 2012). 
The MRA controls for twelve types of wetland ecosystem services. Of 
these, wetlands providing food production have significantly higher values than 
those based on recreation. This result contrasts with the finding of Brander et al. 
(2006), Ghermandi et al. (2009), and Chen (2010), who found that wetlands 
providing for food production tend to have lower value than average. It is possible 
that in developing countries, many rural peoples’ livelihoods rely directly on this 
provision. Thus, food is valuable for them. 
Wetlands providing water treatment are more valuable than wetlands 
providing recreation services. Prior studies by Brouwer et al. (1999), Woodward 
and Wui (2001), Ghermandi et al. (2009), and Chen (2010), confirmed that water 
treatment has higher values than average. Possible explanations for this finding 
might be that over half a century, economic development in most developing 
countries focused on economic growth by increasing agricultural production, 
tourism and industrial development resulting in freshwater bodies and coastal 
wetlands being heavily exploited. This has led to ecological problems in wetlands 
such as toxic contamination, resource depletion, habitat alteration, and the 
extinction of some plant and animal species which directly and indirectly impact 
on human life. It is, of course, also possible that water quality degradation has a 
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closer direct impact on human life, leading to greater concerns about water 
conservation among people in developing countries. The coefficients on habitat-
biodiversity are also consistently positive and statistically significant across the 
MRA models. These results confirm that wetlands supporting habitat-biodiversity 
are more valuable than those based on recreation. One explanation for this is that 
people might better understand that imbalanced ecosystem caused by destruction 
of habitat and extinction of plant and animal species not only result in reduced 
food supply but also climate change, flooding, drought and other natural disasters, 
hence they may be more conscious of environmental conservation.   
The MRA also indicates that wetlands providing water supply and water 
regulation tend to have a lower value than those based on recreation. A possible 
explanation for this might be that most samples in the meta-dataset come from 
Southeast Asia located in fertile land, and thereby it is possible that people may 
not feel that water is scarce.  
Key findings of this thesis in terms of ecosystem services are that local 
people value water treatment and habitat-biodiversity higher than recreation. This 
may be a good signal for wetland management in developing countries that 
resource allocation should include conservation even though the economy 
depends on high potential economic activities, through the agricultural and 
tourism sectors.  
 
Valuation method 
The MRA controls for nine types of valuation methods. Of these, wetland values 
estimated by stated preference methods generate lower values than those 
estimated by market price valuation method. The coefficients on CVM and CE 
are consistently negative and statistically significant. This result is in contrast to 
the findings of Brander et al. (2003), who found that CVM produced higher 
values. One explanation for this is that stated preference methods might be 
problematic for developing countries, since they require people to be familiar 
with the concept of money. Furthermore, the values might be lower reflecting the 
budget constraint of low incomes and ability to pay (Merret 2005, Pearce et al. 
2006, as cited in Korggard and Schou, 2010).  
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In addition, wetland values estimated by the HP method produce 
significantly lower valuations than those with market price valuation method. The 
result is in contrast with the findings of Woodward and Wui (2001) that the HP 
method produces higher than average values. One potential explanation for this is 
that local people may not be aware of differences in the attributes being valued. 
While wetland values estimated by replacement cost, production function and 
avoided damage cost are consistently more valuable than those estimated by 
market price valuation method but most coefficients on these valuation methods 
are not statistically significant.  
 
Publication 
The coefficient on publication has a negative sign and is mostly statistically 
significant. This result suggests that observations from journal articles report 
lower values than non-published sources, conforming to the finding of Woodward 
and Wui (2001) and Enjolras and Biosson (2007) that published studies report 
lower wetland value than unpublished studies. One potential explanation for this 
result might be that observations from journal articles would be peer reviewed 
and this process results in more conservative valuations.  
 
Year of survey 
The MRA results for year of the survey suggest that the wetland value per 
hectare estimated to decrease over time. This result is in contrast with the findings 
of Brander and Broisova-Kidder (2006) and Chen (2010). One explanation for 
this might be that researchers first investigated sites that were deemed to be more 
valuable. More valuable sites attract the public’s attention and draw researchers 
towards them. Subsequent valuation studies might then involve sites of intrinsic 
lower value. Hence, the time variation might arise entirely from a non-random 
choice of sites to evaluate. An alternative explanation is that there is a genuine 
reduction in the willingness to pay for wetlands. That is, preferences have 
changed over time. 
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Socioeconomic factors 
Wetlands designated as Ramsar sites are less valuable than other sites, 
conforming to the findings of Brander et al. (2006), Enjolras and Biosson (2007). 
An explanation behind this is that WTP for the conservation of these sites are 
affected by people’s “knowledge that they are already protected” (Brander et al., 
2006).  
Wetlands designated as a protected area has a higher value than other 
sites. A possible explanation for this is that most protected areas are coral reef 
areas and national parks, which mostly produce internationally traded goods and 
services. Salem and Mercer (2012) found that if a product is exported or foreign 
tourists account for a significant portion of its consumption, then this raises the 
wetland value.  
Wetlands located in urban areas are significantly more valuable than 
wetlands in rural areas. This result is similar to the findings of Brander et al. 
(2006). One possible explanation for this is that urban wetlands that are 
surrounded by densely populated areas face higher pressure of human activities or 
higher potential use than rural wetlands. 
The coefficient for LnGDP is consistently positive and statistically 
significant. This result is similar to the finding of Brander et al. (2006), Germandi 
et al. (2009), Chen (2010), and Salem and Mercer (2012). An explanation for this 
is that people who have higher incomes have a greater ability to pay and lower 
budget constraint. Besides, it is possible that governments of countries with 
higher GDP per capita promote environmental conservation, possibly resulting in 
increased awareness and consciousness of environmental issues. 
Location 
The MRA controls for six locations. Of these, Eastern Europe wetlands have 
significantly higher values than wetlands in Southeast Asia. One explanation for 
this result is that people in Eastern European countries have higher incomes than 
those in Southeast Asian countries. Thus, they are more likely to be able to afford 
environmental conservation preferences. However, the MRA does control for per 
capita incomes, so the Eastern European effect is in addition to income. While, 
MENA wetlands tend to have lower values than South East Asia. One potential 
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explanation for this is that, wetlands receiving a lower value in MENA have a 
relatively less abundance of substitute natural areas compared to South East Asian 
wetlands. Latin American wetlands tend to have higher values than South East 
Asian wetlands.  
Unexpectedly, in specific models of WLS estimates, African wetlands and 
South Asian wetlands are significantly more valuable than South East Asia 
wetlands, even though there are less substitute natural areas and lower GDP per 
capita than South East Asia. In part, this may be explained by the fact that the 
estimates for South Africa and South Asia wetlands were estimated by market 
based approach. 
Based on the potential of high productive ecosystem services, Southeast 
Asian wetlands or Latin American wetlands should produce higher values than 
other locations, since lowland rainforest especially mangrove forest is densely 
distributed and large in these areas (FAO, 2007) and also coral reefs are densely 
distributed and large in these areas. For example, Southeast Asia has nearly 42 per 
cent of the world’s coral reefs77 and Latin America has roughly 7 per cent of 
coral reefs (UNEP, 2001). Latin America and Southeast Asia have a rich 
biodiversity (CBD, 2001). Table 6.15 lists the 20th richest biodiversity countries 
which are mostly Latin America and Southeast Asia countries. Lowland rainforest 
influence the global ecosystem and human existence in terms of regulating global 
climate, maintaining regular rainfall while buffering against floods, drought and 
storing the huge quantity of carbon dioxide (CO2) while releasing a significant 
amount of the world’s oxygen as well as supporting habitat and biodiversity 
(Mongabay, 2012). Besides, coral reefs (often referred to as the rainforest of the 
sea) are important to the global ecosystem in terms of transforming carbon 
dioxide (CO2) to calcium carbonate (CaCO3), a contribution biogeochemical 
cycle, and biodiversity-habitat support (Done et al., 1996). It is possible that most 
wetlands in Southeast Asia and Latin America might not present to “true resource 
value”. 
 
                                                          
77  The coral reef area of Southeast Asia includes Asean countries, China, Fiji, Solomon Islands, 
Papua New Guinea, Guam, Micronesia and Samoa. 
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Table 6.15: The 20th richest biodiversity countries 
Rank Countries Location NBI 
1 Indonesia Southeast Asia 1.000 
2 Colombia Latin America 0.935 
3 Mexico Latin America 0.928 
4 Brazil Latin America 0.877 
5 Ecuador Latin America 0.873 
6 Australia Australia 0.853 
7 Venezuela Latin America 0.85 
8 Peru Latin America 0.843 
9 China Southeast Asia 0.839 
10 Costa Rica Latin America 0.82 
11 Madagascar Africa 0.813 
12 Malaysia Southeast Asia 0.809 
13 Panama Latin America 0.793 
14 Philippines Southeast Asia 0.786 
15 Brunei Darussalam Southeast Asia 0.777 
16 Papua New Guinea Southeast Asia 0.775 
17 Guatemala Latin America 0.744 
18 India South Asia 0.732 
19 Rwanda Africa 0.726 
20 Bolivia Latin America 0.724 
Sources: Convention on biological diversity: annex 1 
Note: NBI is the National Biodiversity Index based on estimates of country richness and 
endemism in four terrestrial vertebrate classes and vascular plants; vertebrates and plants are 
ranked equally; index values range between 1.000 (maximum: Indonesia) and 0.000 (minimum). 
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6.5  Summary and conclusions 
The aim of this chapter was to present a comprehensive overview of wetland 
valuations in developing countries through a meta-regression analysis of the 
evidence base. This involved identifying the important factors that determine 
wetland values. Five separate regression models (OLS, Robust regression, WLS,  
OLS FELM and OLS RELM) were used to estimate.  The main finding is that 
wetland characteristics, valuation methods, and wetland contexts all influence 
wetland values. The results indicate that wetland size is very robust in having a 
negative effect on wetland values. Wetlands that produce internationally traded 
goods and services are consistently more valuable than other wetlands. A case in 
point is marine wetlands. Per capita income is a fairly robust and positively 
significant variable inferring that higher GDP per capita countries have higher 
wetland per hectare values. 
An interesting result is that wetlands providing water treatment and 
habitat-biodiversity are consistently more valuable than those used for recreation. 
This means that converting wetlands for tourism development can reduce 
valuation, while conservation of wetlands increases valuation. The value is 
estimated produced by state preference studies are lower than market price 
valuation method. Protected area and urban wetlands produce higher values than 
other sites, while Ramsar sites are less valuable than other sites.  
Based on model fit, the absence of publication selection bias, and 
consistency with expectations, WLS appears to be the best estimation for this 
meta-dataset; it also performs reasonably well in providing a benefit transfer 
function.  
The following chapter will apply the MRA models presented here to a 
benefit transfer of the ecosystem service value of the Bung Kung Long wetland, 
as well as several other Thai wetlands. The benefit transfer values will be 
assessed for their policy usefulness. 
 
  
 
Chapter 7 
Valuing Thai wetlands through benefit transfer 
 
The previous chapter discussed the construction of the meta-dataset and 
the development and estimation of the MRA. That chapter identified several 
factors that influence wetland values in developing countries. It was shown that 
wetland size is a significant variable that has a negative association with wetland 
values. Marine wetlands are consistently regarded as more valuable than other 
wetlands. GDP per capita has a positive effect on wetland values. Using stated 
preference methods produces lower estimates than market price based 
approaches. Wetland services for biodiversity and water treatment have higher 
values than other services. However, it was also shown that the coefficients of 
many moderator variables in the MRA lack robustness. 
The aim of this chapter is to use the MRA models for the purposes of  
benefit transfer. Specifically, benefit transfer will be used to assign values for the 
Bung Khong Long wetland, as well as for fifteen other Thai wetlands. That is, the 
estimated meta-regression models are treated here as transfer functions that are 
used to predict values for policy sites. The principal aim of benefit transfer is to 
derive values for policy sites using information drawn from previously studied 
sites. If valid, then benefit transfer can potentially offer a relatively cost effective 
way of deriving values for policy sites. Hence, this chapter also evaluates the 
performance of benefit transfer for Bung Khong Long and other Thai wetlands. 
Benefit transfer is frequently applied to estimate the economic benefits of 
environmental goods (Zhai and Suzuki, 2009). While primary valuation studies of 
environmental goods are generally the preferred method for estimating 
environmental values, the realities of the policy process often dictate that benefit 
transfer is the only feasible option (Johnston and Rosenberger, 2010). For 
example, the U.S. Oil Spill Act recommends value transfer to measure the 
damages caused by small spills or accidents (Navrud, 2004; Brander et al., 2006; 
Figueroa and Pasten, 2011). In the European Union, the Water Framework 
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Directive mandates consideration of benefit transfer applications for managing 
river basins, including large and small water bodies across multiple nations 
(Johnston and Rosenberger, 2010). 
Benefit transfer might be especially important to developing countries, as 
they are less able to afford new original valuation studies due to time and funding 
constraints, and they often lack the infrastructure for primary research (Shrestha 
and Loomis 2001). Such pressures lead to a growing need for benefit transfer as a 
cost effective means of estimating values (Hanley et al., 2006a; Johnston and 
Rosenberger, 2010). The benefit transfer methodology has now become of central 
interest to resource economists and it has become a primary tool of policy 
assessment for some institutions (Moeltner and Woodward, 2009). 
Several researchers recommended MRA as a tool to provide more robust 
results and reduce error benefit transfers compared to other transfer methods (see 
section 7.1 below). However, the reliability and validity of benefit transfer 
applications remains unclear (Smith et al., 2002; Rosenberger and Stanley, 2006; 
Navrud and Ready, 2007; Columbo and Hanley, 2008). Cleophas and 
Zwinderman (2007) note that common MRA pitfalls include publication bias, 
heterogeneity, and lack of robustness; these can possibly lead to biased value 
estimates arising from benefit transfer. 
This chapter is divided into five sections. Section 7.1 outlines the 
conceptual background behind benefit transfer. Section 7.2 assesses the in-sample 
performance of MRA transfer functions. Section 7.3 evaluates the application of 
MRA benefit transfer functions to the valuation of the Bung Khong Long wetland 
and fifteen other wetland policy sites in Thailand. Section 7.4 outlines limitations 
and the potential for improving the accuracy of benefit transfer for developing 
countries. The chapter is summarised and conclusions are presented in section 
7.5. 
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7.1 Theoretical background of benefit transfer 
Benefit transfer involves the application of existing information or data on past 
policy outcomes to estimate the economic benefit for planned implementations. 
There are three general approaches to benefit transfer: unit value transfer, benefit 
transfer function, and meta-analysis transfer function (McIntosh et al., 2010). 
(i) Unit value transfer: This approach involves the transfer of benefit estimates 
from one site to another. The key assumption behind this method is that the 
well-being experienced by the average individual at the study site is the 
same as the policy site (Navrud and Bergland, 2001).  
 
(ii) Benefit function transfer: This approach involves transferring the estimates 
of the entire benefit function from study sites to policy sites. The benefit 
relationship to be transferred from study site to the policy site can be re-
estimated employing either a stated preference valuation method (e.g., 
CVM, CE) or a revealed preference valuation method (e.g., TCM, Hedonic 
pricing) (Navrud and Bergland, 2001). This approach will be efficient when 
the benefit function is transferred and the underlying preferences are similar 
between the study and policy sites (Figueroa and Pasten, 2011). 
 
(iii) Meta-analysis transfer function: This approach is generally defined as the 
method for summarizing and synthesising research findings by estimating 
the statistical relationship between values reported in studies to explanatory 
variables capturing heterogeneity within and across studies. As was noted in 
Chapter 6, the main objectives of MRA are first to test hypotheses with 
respect to the effect of the explanatory variables on the value construct of 
interest and then to use the MRA model to generate estimates of the value 
construct across time and space (Bergstrom and Taylor, 2006).  
 
The approach chosen for this thesis is the meta-analysis transfer function. This 
value transfer is likely to be closer to the “true” value of the resources at the 
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policy site  than the other two benefit transfer methods (Shrestha et al., 2007).78  
While it is not without its problems, MRA for benefit transfer is broadly accepted. 
However, much more evidence is needed. This thesis provides another data point 
in the process of assessing benefit transfer.  
In recent years, much effort has been allocated to investigate the 
theoretical underpinnings of benefit transfer and to facilitate its econometric 
implementation (Moeltner and Woodward, 2009). Several studies have focused 
on the need for meta-analysis benefit transfer models to be vigorously based on an 
underlying utility theoretic model (Bergstrom and Taylor, 2006). However, the 
general theoretical background adopted for this thesis focuses on the concept of a 
meta-valuation function (Rosenberger and Phipps, 2007).  Rosenberger and 
Phipps (2007: 24) identified three assumptions necessary for conducting benefit 
transfer: 
The primary assumption is the existence of a meta valuation function from which values 
for specific issues can be inferred. The validity or accuracy of benefit transfers depends 
on the robustness and stability of this valuation function, and the degree of information 
existing for a specific issue. Secondary assumptions include the ability to capture 
differences between the study site context and the policy site context through a price 
vector. This assumption is that the multi-dimensionality of site characteristics is reducible 
to a single dimension price variable (Downing and Ozuna 1996; Smith, Van Houtven and 
Pattanayak 2002). A tertiary assumption is that values are stable over time, or vary in a 
systematic fashion that is captured in a price deflator index (Eiswerth and Shaw 1997). 
                                                          
The concept of a meta-valuation function is illustrated in Figure 7.1 
(reproduced from Rosenberger and Phipps, 2007). These authors assume that 
there exists an underlying meta-valuation function, F(V), that connects the value 
of a resource (in this case wetlands)79 with characteristics of the markets and sites 
across space and over time. Rosenberger and Phipps (2007) define this meta-
valuation function F(V) as the envelope of a set of study site functions (g(.)) that 
link site values to characteristics or attributes of each site. These include: (i) 
socioeconomic characteristics (e.g., income, age, education, health, attitudes, 
beliefs, disposition, institutions, regulations, and citizen participation); (ii) 
                                                          
78 “True” here refers to the value that would have been observed if a perfect primary study was 
conducted for the policy site. 
79 By coincidence, Rosenberger and Phipps (2007) actually use wetlands as one example.  
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wetland ecological characteristics (e.g., geographic location, climate, wetland 
physical characteristics, wetland types, plant and animal communities, and 
biodiversity); and (iii) temporal factors (e.g., changes in taste, values and 
preferences, and advances in sciences, technology and knowledge). All these 
factors can affect the accuracy of benefit transfer. How close the original studies 
get to estimate the ‘actual’ value from a meta-valuation function relies on the 
quality of the studies and the assumption that there is one actual value for 
wetlands at the location or for a group of people at a given point in time. By 
necessity, benefit transfer involves applying data that reflects (imperfectly) 
preferences at a given point in time. Hence, there is some degree of uncertainty if 
the application of benefit transfer to future policy sites occurs in the context of 
changing preferences (Brander et al., 2012). 
In Figure 1, g(A), g(B), and g(C) are independent site-specific functions 
estimating the value of wetlands at three different sites. Assuming that the 
primary valuation studies were conducted properly, ceteris paribus, the estimated 
value for each site is VPA*, VPB*, and VPC*, respectively. 
Following Rosenberger and Phipps (2007), and adjusting their notation 
slightly, we can define three different values. First, there is a ‘true’ or ‘actual’ 
value for a site i, Vactual.
80  Second, Vactual is unobservable. Hence, a primary 
studies will estimate this value, producing observed values, Vobserved. Third, 
benefit transfer uses the observed study site values (Vobserved) to provide a value 
for a similar (policy) site that is not studied. That is, Vobserved is transferred to a policy 
site j. This becomes a transfer value, Vtransfer. 
Rosenberger and Phipps (2007) note that there are two sources of error in 
benefit transfer: (i) differences in characteristics of the study site and policy site 
(Iobserved-transfer); and (ii) error associated with predicting Vactual via Vobserved. As can 
be seen in Figure 7.1, the distribution of the individual site values g(C!) is a 
deviation from the ‘true’ distribution of the value of site C(g(C)) by amount Hc. 
This source of error can occur if the primary studies are of poor quality, e.g., poor 
sample design, questionnaire development, and other sources of bias (Woodward 
                                                          
80 As noted above, this “true” or “actual” value can change over time. 
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and Wui, 2001). Another important source of error arises from the degree of 
correspondence between the study site and policy site: ICA and ICB are the errors 
associated with applying the distribution of values for site A or site B, 
respectively to assess the value for site C given the differences in site 
characteristics. For instance, ICA denotes the error involving g(A) adjusted by the 
characteristics of site C to predict the value for site C (VPC(A)). Therefore, it is 
clear that the quality of primary research and difference in site characteristics can 
affect the accuracy of benefit transfer.81  
 
Figure 7.1: The meta-valuation function and benefit transfer error 
 
 
 
 
 
 
 
 
 
 
 
 
Source: Reproduced from Rosenberger and Phipps (2007:25) 
 
 
 
                                                          
81 Rosenberger and Stanley (2006: 374) note that even if benefit transfer occurred without error, 
the transferred values are expected to differ from the actual value by the square root of the sum of 
the estimation variances of the study and policy sites. 
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7.2  In-sample performance of MRA benefit transfer functions 
A key research question is whether the results from MRA (such as those 
presented in Chapter 6) can be used for benefit transfer. Before actually 
performing a value transfer to a policy site, it is useful to assess the in-sample 
forecast performance of MRA. That is, the MRA coefficients are used to estimate 
values for all (or some of) the sites included in the meta-dataset. Comparing the 
MRA predictions with the values from these sites  offers a measure of how well 
the MRA is able to reproduce the values of the meta-dataset. If the MRA 
performs poorly in terms of in-sample forecasts, then this significantly reduces 
confidence in benefit transfer. 
In general, the forecast performance of MRA can be assessed using the 
Mean Absolute Percentage Error (MAPE). MAPE measures the extent of 
convergence between estimated MRA values and observed values (OECD, 2012). 
Even though MAPE is frequently used to evaluate the validity of transfer values, 
there is actually no formal hypothesis test involved (Rosenberger and Loomis, 
2000). Obviously, a relatively smaller MAPE indicates better performance of 
benefit transfer in terms of convergent validity (Shrestha et al., 2007). In 
published benefit transfer studies, “normal” transfer error rates fluctuate between 
15 percent and 75 percent (Enjolras and Biosson, 2007).  
MAPE is calculated as: 
 
nsobservatio
V
VVMAPE
observed
estimatedobserved »¼
º«¬
ª  ¦ 100.   (7.1)  
 
Table 7.1 reports the MAPE associated with some of the MRA models reported in 
Chapter 6. These models use all 960 observations from all 309 studies. Panel A 
reports the MAPE associated with MRA models that do not use sample size as 
weights, while panel B reports the MAPE associated with MRA models estimated 
using WLS with  sample size used as weights. Panel A reports the results of using 
OLS with robust standard errors, OLS with cluster adjusted standard errors, the 
general-to-specific OLS model with cluster adjusted standard errors, and Robust 
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Regression.82 The average MAPE is essentially the same from the unweighted 
and weighted least squares estimates, being 45.30 percent and 45.70 percent, 
respectively. The median MAPE is slightly larger when weighted least squares is 
used. 
 
Table 7.1: The in-sample MAPE of MRA models 
MAPE Unweighted 
 (A) 
 Weighted least squares 
(B)  
(%) OLSRob OLSClus Specific 
OLSClus 
Robust 
Regression 
Average 
all 
models 
 WLSClus Specific 
WLSClus 
Average 
all 
models 
Mean 45.28 45.28 46.48 44.27 45.30  45.44 45.97 45.70 
Median 21.94 21.94 22.48 20.81 21.79  25.47 23.56 24.52 
Maximum 1,608 1,608 1,681 1,657 1,639  1,479 1,576 1,527 
Minimum .08 .08 .17 .03 .09  .11 .001 .05 
Stdev 95.86 95.86 97.89 97.31 96.73  84.49 89.42 86.95 
Adjusted R2 .49 .49 .48 .50 .49  .63 .60 .52 
F-test 36.73 13.68 26.47 22.68 24.89  42.34 43.80 43.07 
No.of studies 
(observations) 
309  
(960) 
309 
(960) 
309  
(960) 
309  
(960) 
  242 
(731) 
242 
(731) 
 
Notes: The columns correspond to the MRA models reported in Table 6.10 and Table 6.11, Chapter 6. Stdev denotes 
the standard deviation. The subscripts Rob and Clus denote robust standard errors and cluster adjusted standard errors, 
respectively.  
 
MRA using OLS produces individual transfer errors that range between 
0.03 percent and 1,681 percent. Figure 7.2 graphs the observed and MRA 
predicted wetland values, while Figure 7.3 graphs the transfer errors from the 
general OLSClus MRA model: these range from 0.008 percent to 1,608 percent. 
The mean and median MAPE are 45.28 percent and 21.94 percent, respectively. 
This means that on average the transferred values miss the benchmark (or 
observed value derived through the CE) value by roughly 45 percent. Figure 7.4 
graphs the observed and predicted wetland values and Figure 7.5 illustrates the 
oscillation of individual transfer errors from the Robust Regression model. The 
errors vary between 0.03 percent and 1,657 percent. The mean and median MAPE 
are 44.27 percent and 20.81 percent, respectively, indicating that estimated MRA 
values and actual estimated values differ by approximately 44 percent, on 
average. 
                                                          
82 Strictly speaking, Robust Regression does use weights. However, the classification adopted here 
is based on whether the MRA follows Stanley and Rosenberger (2010) and uses the square root of 
sample size as a proxy for precision. 
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For each of the weighted models, the individual transfer errors oscillate 
slightly less than the unweighted OLS models. The errors range from 0.001 
percent to 1,576 percent. Figure 7.6 graphs the observed and predicted wetland 
values and Figure 7.7 depicts fluctuations of the individual transfer errors for the 
specific WLSClus. The mean and median MAPE are 45.9 percent and 23.56 
percent, respectively. 
Figure 7.2: Observed and predicted wetland 
values, general OLSClus model 
 
 
Figure 7.3: Transfer errors, general OLSClus 
model 
 
Figure 7. 4: Observed and predicted wetland values,  
Robust regression MRA model 
 
Figure 7.5: Transfer errors, Robust regression MRA 
model 
 
Figure 7.6: Observed and predicted wetland values, 
general-to-specific WLSClus model 
 
Figure 7.7: Transfer errors, general-to-specific 
WLSClus model 
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In the models that use a sub-sample (or sub-group) of the observations (i.e., those 
relating only to low income developing countries or only those relating to ASEAN 
countries) estimated using OLS, the average MAPE equals 47.72 percent, which is 
a relatively higher prediction error. The MAPE from the OLSClus low income model is 
lower than that of the OLSClus ASEAN. The individual transfer errors from these 
models ranges between 0 percent and 1,687 percent. In the models estimated 
using WLS, the average and median MAPE are 56.14 percent and 38.48 percent, 
respectively. The individual transfer errors range slightly lower than the unweighted 
(OLS) models, as shown in Table 7.2. 
 
Table 7.2: The in-sample MAPE of MRA models, Sub-Group Data 
        
MAPE Unweighted   Weighted Least squares 
 
(%) OLSClus 
ASEAN 
OLSClus 
Low 
income 
Average  WLSClus 
ASEAN 
WLSClus Low 
income 
Average 
Mean 51.78 43.65 47.72  59.22 53.06 56.14 
Median 25.17 27.62 26.40  34.23 42.73 38.48 
Maximum 1,591 1,687 1,639  1,118 1,111 1114.5 
Minimum .03 .00 .02  .00 .00 .00 
Stdev 106.88 86.16 96.52  88.09 65.47 76.78 
Adjusted R2 .479 .496 .487  .735 .71 .722 
F-test 14.71 86.37 50.54  105.1 412.75 258.925 
No. of Studies  
(observations) 
137 
(463) 
162 
(506) 
 99 
(306) 
128 
(364) 
 
Notes: The columns correspond to the MRA models reported in Table 6.10 and Table 6.11, Chapter 6. Stdev denotes 
the standard deviation. The subscript Clus denotes cluster adjusted standard errors.  
 
 
 
Comparison with prior meta-studies 
Even though the average MAPE for all models listed in Tables 7.1 and 7.2 might 
be considered to be relatively high, these models perform relatively well when 
compared to prior meta-studies of wetland valuations. For example, Brander et al. 
(2006) report an average MAPE value of 58 percent, Emjolras and Boisson 
(2007) report a value of 87 percent, Brander et al. (2007) report a value of 186 
percent,  Liu and Stern (2008) report a value of approximately 12,035 percent, 
and: Brouwer (2009) a value of 80 percent: see Table 7.3. 
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Table 7 3: The in-sample MAPE of prior meta-studies 
Study Resources/scope 
MAPE 
 In-Sample (%) 
Brander et al. (2006) Wetlands 58 
Emjolras & Boisson (2007) Wetlands/Lagoon 87 
Brander et al. (2007) Wetlands/ Coral reefs 186 
Liu &  Stern (2008) Wetlands/CVM/Coastal 12,035 
Brouwer (2009) Wetlands/CE 80 
Chen (2010) Wetlands 12-44 
Salem & Mercer (2012) Wetlands/Mangrove 35-54 
This study Wetlands/ Developing countries 44 to 59 
   
 
 
 
Hence, the meta-regression models presented in this thesis perform relatively well 
in terms of in-sample predictions. The question remains whether benefit transfer 
can be used for the Bung Khong Long wetland policy site or other wetlands in 
Thailand and neighbouring countries. Thus, meta-regression models are employed 
to estimate the value of the ecosystems ervices of the Bung Khong Long and 
these values are then compared with the ecosystem service value of Bung Khong 
Long wetland estimated by the original stated preference study presented in 
Chapter 5.  
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7.3  Out-of-sample performance of MRA benefit transfer 
functions 
In this section, the MRA transfer functions reported in Chapter 6 are used to 
estimate the value of the ecosystem services of the Bung Khong Long wetland 
and several other Thai wetlands. These estimates are then compared to the 
estimates of the original valuation study using the  CE that was presented in 
Chapter 5. 
7.3.1 Benefit transfer for the Bung Khong Long wetland 
The MRA coefficients were used to derive two different sets of benefit 
transfers. First, the meta-analysis benefit transfer function is constructed using 
only those variables that were found to be statistically significant in the MRA. 
That is, only the coefficients from the statistically significant variables and the 
corresponding Bung Khong Long wetland characteristics are employed to 
estimate the value of wetland policy sites.83 The logic behind this approach is that 
if the null hypothesis of no effect cannot be rejected for a given MRA moderator 
variable, then that variable is not important in explaining heterogeneity in wetland 
valuations in developing countries. Such variables should thus be assigned a zero 
value, as their inclusion in the benefit transfer function could bias transfer values.  
The second set of benefit transfers uses all the variables included in the 
MRA. This approach has often been adopted in the field. The logic behind this 
approach is that some variables might be estimated with poor precision. Even if 
the null hypothesis cannot be rejected, it does not necessarily mean that that 
variable is not important in the meta-analysis transfer function. Both approaches 
are used to derive MRA transfer functions to predict the value of the Bung Khong 
Long wetland. The results from the two approaches are then compared.Table 7.4 
reports the results when only the statistically significant variables are used, while 
Table 7.5 reports the results when all variables are used (regardless of their 
statistical significance). The benefit transfer values are then compared with the 
                                                          
83
 An argument can be made against this approach on the grounds that it ignores the potential 
influence of other variables. However, the aim here is to compare this approach to benefit transfer 
that uses all variables.  
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economic valuation of the Bung Khong Long wetland84 carried out with the CE 
method, avoided damage cost, and market price valuation method. The Bung 
Khong Long wetland provides many ecosystem services. However, based on the 
specific context of the ecosystem services of Bung Khong Long wetland, the 
nature of the valuation tools available and data availability, eight ecosystem 
services (e.g., water regulation, food production, water treatment, habitat-
biodiversity, culture, carbon sequestration, raw materials, and water supply) could 
be estimated (the details are shown in Table 5.8 of Chapter 5). The value of 
ecosystem services of the Bung Khong Long wetland is estimated to be US$ 976 
per hectare per annum at 2002 prices, with a 95% confidence interval ranging 
from 861 to 1,092. 
Table 7.4: Benefit transfer of the value of ecosystem services of the Bung Khong 
Long wetland, only statistically significant MRA coefficients 
Version Model Number of 
studies/ 
observations 
Estimated 
benefit transfer 
value 
US$/ha/year 
at 2002 
Benchmark 
value 
(original value)  
US$/ha/year 
at 2002 
Dollar 
Difference 
US$/ha/year 
at 2002 
TE (%) 
All Data 
Unweighted  
- OLSRob 309/960 852* 
(252 - 2,880) 
976 
(861 – 1,092) 
124 12.72** 
-OLSClus 309/960 476 
(80 – 2,830) 
976 
(861 – 1,092) 
500 51.20 
-Specific 
OLSClus 
309/960 1,111* 
(260 – 4,751) 
976 
(861 – 1,092) 
135 13.78** 
-Robust 
Regression  
309/960 1,369* 
(419 – 4,402) 
976 
(861 – 1,092) 
383 39.21** 
 All Data 
Weighted 
Least Squares  
-WLSClus 242/731 396 
(40 – 3,907) 
976 
(861 – 1,092) 
580 59.38 
-Specific 
WLSClus 
242/731 1,005* 
(197 – 5,132) 
 
976 
(861 – 1,092) 
29 2.98** 
 
Average   865 976 208 29.88 
Median   928 976 224 26.50 
Sub-Group 
Unweighted  
-OSLClusASEAN 137/463 386 
(1.06 -140,922) 
976 
(861 – 1,092) 
590 60.40 
-OLSClus Low 
income 
162/506 61 
(0.01 -318,297) 
976 
(861 – 1,092) 
915 93.75 
Sub-Group 
Weighted 
Least Squares  
-WLSClus  ASEAN 99/306 31 
(0.02 -38,154) 
976 
(861 – 1,092) 
945 96.82 
-WLSClus Low 
income 
128/364 259 
(0.09 -761,328) 
976 
(861 – 1,092) 
954 97.90 
Average   180 976 792 78.17 
Median   164 976 816 77. 
Notes: TE denotes the transfer error. * depicts estimated values close to original values,  ** depicts TE d40%. 
Figures in the brackets are 95% confidence intervals. The subscripts Rob and Clus denote robust standard errors 
and cluster adjusted standard errors, respectively.  
 
                                                          
84 This is the benchmark value or primary study value (original value)  based on carbon price of  
Forest Industry Organization of Thailand  (FOI) 1999. 
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Table 7.5: Benefit transfer of the value of ecosystem services of the Bung Khong 
Long wetland, all MRA coefficients 
Version Models Number of 
studies/ 
observations 
Estimated benefit 
transfer value 
US$/ha/year 
at 2002 
Benchmark 
value 
(Original 
value)  
US$/ha/year 
at 2002 
Dollar 
Difference 
US$/ha/year 
at 2002 
TE (%) 
All Data 
Unweighted  
- OLSRob 309/960 2,982 
(653 – 13,611) 
976 
(861 – 1,092) 
2,006 205.5 
-OLSClus 309/960 2,982 
(245– 36,218) 
976 
(861 – 1,092) 
2,006 205.5 
-Specific 
OLSClus 
309/960 1,111* 
(260 – 4,751) 
976 
(861 – 1,092) 
135 13.8** 
-Robust 
Regression  
309/960 3,164 
(687– 14,562) 
976 
(861 – 1,092) 
2,188 224.2 
All Data 
Weighted Least 
Squares  
-WLSClus 242/731 48,499 
(2,238 – 1,072,143) 
976 
(861 – 1,092) 
48,016 4,919.66 
-Specific 
WLSClus 
242/731 1,005* 
(197 – 5,132) 
 
976 
(861 – 1,092) 
29 2.9** 
 
Average   10,039 976 9,063 928.5 
Median   2,982 976 2,006 205.5 
Sub-Group 
Unweighted  
-
OSLClusASEAN 
137/463 480 
(24.95 -9230) 
976 
(861 – 1,092) 
496 50.8 
-OLSClus Low 
income 
162/506 142,076 
(750-26,928,345) 
976 
(861 – 1,092) 
141,100 14,457 
Sub-Group 
Weighted Least 
Squares  
-WLSClus  
ASEAN 
99/306 386 
(25 -9,230) 
976 
(861 – 1,092) 
279 41.9 
-WLSClus Low 
income 
128/364 127 
(2.67 -6,010)) 
976 
(861 – 1,092) 
849 87.0 
Average   35,767 976 35,759 3,664 
Median   433 976 719 74 
Notes: TE denotes the transfer error. * depicts estimated values close to original values,  ** depicts TE 
d40%. Figures in the brackets are 95% confidence intervals. The subscripts Rob and Clus denote robust standard 
errors and cluster adjusted standard errors, respectively. 
 
 
A fundamental issue in benefit transfer is its precision in providing value 
estimates for different contexts, including unstudied and policy sites (Rosenberger 
and Phipps 2007). The precision of benefit transfer is typically measured by 
Transfer Error (TE). Benefit transfer is obviously more reliable for policy 
purposes if TE is relatively small. However, these errors are not necessarily zero 
(Kristofferson and Navrud, 2005). Indeed, in the majority of cases it would  be 
unrealistic to expect benefit transfer errors to be zero. There is no agreement on 
the maximum TE level for reliable benefit transfer for different policy 
applications. However, Kristofferson and Navrud (2007) suggest that TE should 
range between 20 percent and 40 percent. This is the range adopted in this thesis. 
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TE is calculated as:85 
  100.
observed
estimatedobserved
V
VVTE      (7.2) 
 
As can been seen from Table 7.4,  all unweighted models except OLSClus 
estimate a value close to the ‘original’ value of the Bung Khong Long wetland 
and TE scores are less than 40 percent. For example, Specific OLSClus model 
predicts a value of US$ 852, which is very close to the original value ($976), a 
difference from an original value of US$ 124 or a TE of 12.72 percent. The 
general-to-specific WLSClus estimates a value of US$ 1,005, which is also very 
close to the original value giving a difference from an original value of US$ 29 or 
a TE of 2.98 percent. 
However, it can also be seen from Table 7.4, that when sub-groups are 
meta-analysed, benefit transfer error is larger. This is an interesting finding. The 
sub-group meta-analyses represent models that are more relevant to the physical 
site characteristics86 and the economic conditions87 of the policy site (the Bung 
Khong Long wetland). Hence, it should be expected that benefit transfer would be 
more accurate using these sub-groups. However, it appears that for this meta-
dataset at least, this is not the case.  
Comparing Tables 7.4 and 7.5, it can be seen that the use of all MRA 
coefficients for benefit transfer results in much larger transfer errors; the average 
TE for the Table 7.4 is 29.88 percent, compared to the average TE for Table 7.5 
which is 928.49 percent. 
The conclusions that can be drawn from these tables are that: (1) use of 
sub-group data results in higher transfer errors; and (2) the inclusion of 
statistically insignificant MRA coefficients results in higher transfer errors. It is 
not possible to conclude whether these results generalise to other meta-datasets, 
                                                          
85 This actually involves similar calculations to the MAPE. MAPE is used for in-sample analysis, 
while TE is used for out-of-sample analysis. 
86 Physical site characteristics may include factors such as quality and diversity of the site, 
resource composition, and other physically measurable and observable factor (Rosenberger and 
Phipps, 2007). 
87 Although Thailand is an upper middle income country, the Bung Kong Long wetland is located 
in Northeastern part of Thailand where most people have lower income than average of country. 
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or whether they are specific to wetland valuations for developing countries. 
Nevertheless, these findings are interesting and warrant future research. 
 
7.3.2 Benefit transfer for other Thai wetlands 
The estimates reported in Table 7.4 suggest that benefit transfer can be 
used for the Bung Khong Long wetland. Nevertheless, the broader question 
remains whether benefit transfer can be used for other wetlands in Thailand. 
Consequently, the same MRA transfer function is here applied to estimate 
economic value of 15 wetland sites in Thailand. These results are presented in 
Tables 7.6 and 7.7. 
As can be seen from Table 7.6, the application of benefit transfer to other 
Thai wetlands produces varied results. TE ranges from 1 percent to 2,005 percent 
indicating that some MRA benefit transfer estimates are reasonably consistent for 
some wetland sites in Thailand, whereas others provide rather divergent benefit 
transfers. This is to be expected, as it is highly unlikely that a single transfer 
function can produce values that would provide reasonable values for all policy 
sites. 
It can be seen from Table 7.6 that OLSRob is the best model in terms of 
providing validity of benefit transfer, as it performs reasonably well for the 7 Thai 
wetland sites marked with an asterix. While WLSClus is the best model in terms of 
generating the lowest average TE, OLSRob has the lowest median TE.  
Predictions from MRA perform fairly well in terms of Phang Nga. The 
original study used a CE to estimate four important ecosystem attributes 
(recreation, fishery production, coastal protection and biodiversity) via economic 
surplus. MRA also predicts fairly well valuations of the Phi Phi Islands where the 
primary study applied CVM and TCM to estimate biodiversity and recreation 
values. In addition, MRA does a good job in predicting values for the Tha Plo 
mangrove where the original study used various valuation methods (production 
function, replacement cost, avoided damage cost and market price valuation 
method) to estimate food production, raw materials, coastal protection, carbon 
sequestration, and habitat. 
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 In contrast, MRA benefit transfer performs poorly in estimating values 
for Nong Bong Kai, where the original study used market price valuation method 
to estimate a single ecosystem service value without subtracting production cost. 
MRA also performs poorly for Linbong Islands where only market price valuation 
method  was employed to estimate food production value. Further, none of the 
MRA models estimate values close to the original value for Chao Phraya River 
and Bang Khuntien mangroves where CVM was used to estimate water quality 
improvement and non-use value, respectively. Therefore, it possible that these 
MRA transfer functions are not useful for predicting values for wetlands where 
only one valuation method has been used to estimate the value of a single 
ecosystem service. 
As can be seen from Table 7.7, transfer errors from the sub-group meta-
analyses result in transfer errors in excess of 40 percent, with the highest TE being 
38,181 percent. Of these models, OLSClus ASEAN  performs the best for valid benefit 
transfer for applying with 6 wetland sites in Thailand. WLSClus ASEAN  is the worst 
performing model in estimating the value of Thai wetlands. 
It appears that the models that use all meta-data perform much better than 
those that use sub-group data. However, their performance is impeded  when they 
estimate wetland site studies using one valuation method to assess a single 
ecosystem services. Nevertheless, it is difficult to justify which models are good 
or poor estimators as there is no  formal hypothesis test regarding the extent of 
TE. Thus, it is difficult to conclude that benefit transfer can be used for all 
wetlands in Thailand. The next section will discuss the application of validity 
tests for testing whether original (benchmark) and estimated value are equal. 
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Table 7.6: Estimated values of wetlands in Thailand from MRA transfer functions, all estimates 
Wetland Name Original  value 
(Benchmark value) 
 
OLS Benefit transfer 
         (US$/ha) 
 
Robust 
regression 
(US$/ha) 
WLS Benefit transfer  
(US$/ha) 
 Valuation 
methods 
 
Ecosystem services 
 
(US$/ha) OLS
Rob
 OLSClus Specific OLSClus   WLSClus Specific 
WLS
Clus
 
Gulf of Thailand Pf Habitat/food 12,632 19,730 (56) 3,497 (72) 18,042 (43)  49,259 (290) 5,739 (55) 76,215 (503) 
Phi Phi Islands TCM, CVM Recreation/biodiversity 19,595 12,540* (36)* 7,783 (60) 19,675* (0.41)*  15,378* (22)* 2,938 (85) 11,536* (40)* 
Phang Nga Bay CE Recreation /food/water 
treatment/biodiversity 
2,419 1,931* (20)* 2,841* (17)* 2,867* (19)*  2,440* (1)* 445 (82) 2,042* (16)* 
Tha Po Mangrove village Pf/RC/Mkt Food/habitat/carbon/disturbance 13,182 11,265* (15)* 3,716 (72) 9,598* (27*)  6,310 (52) 1,907 (86) 10,983*(17)* 
Nong Bong Kai Mkt Food production 16 274  (1,587) 342 (2,005) 325 (1,900)  275 (1,595) 85 (424) 90 (454) 
Cho Phraya River CVM Water treatment 19,119 4,163 (78) 4,159 (78) 3,992 (79)  6,280 (67) 635 (97) 3,196 (83) 
Ping River CVM Water treatment 1,099 1,915 (74) 1,913 (74) 1,795 (63)  1,732 (58) 440 (60) 1,762 (60) 
Thalae Noi OC, Mkt Food/raw materials /habitat 5,507 3,837* (30)* 4,553* (17)* 4,777* (13*)  7,725* (40)* 1,040 (81) 1,005(82) 
Yaring  mangroves RC, Mkt Carbon/food/disturbance 10,236 5,264 (49) 3,267 (68) 8,362* (18)*  9,089* (11)* 1,592 (84) 9,156* (11)* 
Samuth Songkram  mangroves RC, Mkt Carbon/food/disturbance 521 722* ((39)* 816 (57) 1,541 (196)  1,245 (139) 207 (60) 226 (57) 
Bang Khuntien  mangroves CVM Non-use value 900,486 4,924 (99) 19,708 (98) 4,925 (99)  3,878 (100) 795 (100) 1,828 (100) 
Libong Islands Mkt Food production 114 527 (362) 327 (187) 727 (538)  621 (445) 161 (41) 1,028 (802) 
Chumporn  mangroves RC, Mkt Carbon/food production 386 415* (8)* 257* (33)* 562 (46)  510* (32)* 119 (69) 773 (100) 
Ranong mangroves RC, Mkt Carbon/food production 144 284  (97) 176* (22)* 379 (163)  542 (276) 72 (50) 493 (242) 
Mae Sa  river CE Water regulation/water supply 118 122* (4*) 261 (121) 618 (423)  291 (146) 224 (90) 199 (69) 
Average     4,049 (300) 3,181 (263) 4,678 (355)  6,300 (317) 999 (97) 7,150 (175) 
Median    1,915 (44) 1,913 (72) 1,795 (71)  1,732 (83) 440 (83) 1,028 (181) 
Number of  studies/observations   309/960 309/906 309/960  309/960 242/731 242/731 
Notes:* denotes estimated values close to the original values and TE d 40%.  Figures in brackets are TE measured as a %. 
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Table 7.7: Estimated values of wetlands in Thailand from MRA transfer functions, Sub-Groups 
Wetland Name Original value 
(Benchmark value) 
OLS Benefit transfer 
(US$/ha) 
 
WLS Benefit transfer 
(US$/ha) 
 Valuation 
methods 
  
Ecosystem services 
  
(US$/ha) OLSClus 
ASEAN
 
OLSClus 
Low income 
WLSClus 
ASEAN
 
WLSClus 
Low Income
 
Gulf of Thailand Pf Habitat/food 12,632 685  (95) 673 (19) 22 (100) 16,334* (29)* 
Phi Phi Islands TCM, CVM Recreation/biodiversity 19,595 2,804  (86) 12,165* (38)* 66 (100) 34,064  (74) 
Phang Nga Bay CE Recreation /food/water 
treatment/biodiversity 
2,419 1,876*(22)* 1,139 (53) 10 (100) 8,716  (260) 
Tha Po  Mangrove village  Pf/RC/Mkt Food/habitat/carbon/disturbance 13,182 591 (96) 1,709 (87) 1 (1000 3,194  (76) 
Nong Bong Kai  Mkt Food production 16 18* (11)* 25 (55) 1 (92) 55  (241) 
Cho Phraya River CVM Water treatment 19,119 2,657 (86) 696 (96) 453 (98) 7  (100) 
Ping River CVM Water treatment 1,099 1,088* (1)* 203 (82) 112 (90) 7  (99) 
Thalae Noi OC, Mkt Food/raw materials /habitat 5,507 7,076 (28)* 220 (96) 1,184 (79) 7  (100) 
Yaring  mangroves RC, Mkt Carbon/food/disturbance 10,236 3,681 (64) 4,246 (59) 32 (100) 27,446 (168) 
Samuth Songkram mangroves RC, Mkt Carbon/food/disturbance 521 3,446 (561) 275 (47) 64 (88) 11,037 (2,018) 
Bang Khuntien  mangroves CVM Non-use value 900,486 29,409 (97) 3 (100) 1,436 (100) 11,037 (99) 
Libong Islands Mkt Food production 114 70* (39)* 100* (12)* 1 (99) 192 (68) 
Chumporn  mangroves RC, Mkt Carbon/food production 386 363* (6)* 84 (78) 17 (96) 5,513 (1,329) 
Ranong mangroves RC, Mkt Carbon/food production 144 222 (54) 65 (55) 8 (94) 55,137 (38,181) 
Maes Sa CE Water regulation/water supply 118 42 (57) 45(53) 0.05 (100) 28 (76) 
Average    3,247 (84) 1,299 (65) 201 (96) 10,187 (2,686)  
Median    1,088 (56) 220 (57) 17 (99) 3,194 (100) 
Number of  studies/observations    137/463 137/463 162/506 162/506 
Notes:* denotes estimated values close to original values. Figures in brackets are TE measured as a %. 
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7.3.3 Validity tests 
In addition to calculating TE scores, validity tests are often used to evaluate 
whether benefit transfer estimates are consistent with known estimates for policy 
sites. 
The validity test involves the following hypothesis: 
H0: yestimated i – yobserved i  = 0 
Ha: yestimated i – yobserved i  z 0 
 
Where i denotes the ith observation, yestimated is the estimated or benefit transfer 
value and yobserved is the original value (“benchmark”) of the policy site. The null 
hypothesis (H0) is that the estimated benefit transfer value (yestimated) and the 
original value (yobserved) are equal. The alternative hypothesis (Ha) is that the 
benefit transfer estimated value (yestimated) and the original value (yobserved) differ. 
This is a test of statistical significance: is the difference between the two variables 
statistically significant? It is also possible to consider whether the difference 
between these two values is of practical or economic significance. In this case, 
even if the difference between the two values is of statistical significance, the 
difference in the values might still be deemed to be so small as to be of little 
economic significance. 
The validity test applied in this thesis uses the Paired Test (t-test) for 
convergent validity between estimated value and original value. A paired t-test on 
the estimated and original value would determine whether to accept or reject H0. 
Accepting H0 means that there is convergence between the two values and 
provides evidence in favour of the validity of benefit transfers from meta-
regression models. The following testable hypothesis is: 
 
H0: PD = 0  
Ha: PD z 0 
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The test statistic for a paired t-test of two dependent samples is: 
 
                                                                                                                (7.3) 
        
 
Where D is the difference between each pair of estimated and actual value, D is 
the mean of the sample difference value, np is number of matched pairs of value in 
sample, SD is sample standard deviation of different value, PD is the mean of 
difference of value for all pairs in the samples. In the paired t-test, statistical 
significance of the t-value represents rejection of the  null hypothesis (PD = 0) 
that the original and estimated values are statistically significant different. 
The paired t-tests evaluate whether the original and estimated value of the 
Bung Khong Long wetland are the same. The results presented in Table 7.8 indicate 
that regardless of the data used, the paired t-statistics are statistically insignificant, at 
a probability value of 0.05. This indicates that the meta-estimates and the original 
values are not statistically significantly different from each other. In other words, 
H0 can be accepted and the estimated and original values of  the Bung Khong 
Long wetland are deemed to be equal. Therefore, it can be concluded from this 
test that benefit transfers can be used for the Bung Khong Long wetland. 
 
Table 7.8: Paired t-test of MRA estimated and original values, the Bung Khong 
Long wetland 
Statistics MRA models, All Data MRA models, Sub-Groups 
t-statistics .827 2.166 
d.f. 5 3 
p-value .446 .119 
Std. Dev. 430.43 465.86 
 
 
t =   (         - PD)   with d.f. = np-1, 
         SD /(np-1) 
D 
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The paired t-tests for other wetlands in Thailand and three neighboring 
countries,88 Cambodia, Laos, and Vietnam (Indochina) are reported in Tables 7.9 
and 7.10, respectively. These results indicate that the t-statistics are not 
statistically significant at the 5% level across Thailand and Indochina countries, 
implying that H0 cannot be rejected. In the other words, there are not significant 
differences between the estimated and original values of wetlands in Thailand, 
Cambodia Laos, and Vietnam. 
 
Table 7.9: Paired t-test results of the MRA models estimated and original value of 
other wetlands, all estimates 
  Statistics OLSRob 
 
OLSClus 
 
Specific   
OLSClus 
Robust 
Regression 
 
WLSClus 
 
Specific 
WLSClus 
 
Thailand t-statistics 1.026 1.062 1.014 .979 1.082 .958 
 d.f. 14 14 14 14 14 14 
  p-value .321 .305 .327 .343 .296 .354 
 Std. Dev. 28,000 28,020 27,998 28,001 28,054 28,041 
Indochina t-statistics 1.011 1.090 1.000 0.865 1.116 .846 
 d.f. 36 36 36 36 36 36 
  p-value .318 .283 .323 .392 .271 .202 
 Std. Dev. 11,531 11,523 11,528 11,624 11,528 11,598 
 
 
Table 7.10: Paired t-test results of the MRA models estimated and original value of 
other wetlands, sub-group data 
  Statistics 
 
OLSClus ASEAN 
 
OLSClus Low 
income 
 
WLSClus ASEAN 
 
WLSClus Low 
income 
 
Thailand t-statistics 1.074 1.075 1.098 1.075 
d.f. 14 14 14 14 
  p-value .299 .299 .289 .299 
 Std. Dev. 20,027 28,050 28,067 27,964 
Indochina t-statistics 1.086 1.119 1.139 .931 
d.f. 36 36 36 36 
  p-value .280 .269 .262 .5358 
 Std. Dev. 11,527 11,382 11,385 11,387 
                                                          
88 The details are shown in Appendix 7.1 
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Although the paired t-tests suggest equivalence between estimated and observed 
values of the Bung Khong Long and other wetland sites in Thailand, Cambodia, 
Laos and Vietnam, the TEs are very large for several wetland sites. For some 
wetland sites, the estimated and observed values differ by more than 2,000 
percent, e.g., Nong Bong Kai, Samuth Songkram, and the Ranong Mangrove, as 
shown in Tables 7.6 and 7.7. One explanation for this difference is that the sample 
standard deviation of different values (Std. Dev.) for each test is large. Thus, it is 
difficult to reject the null hypothesis of difference for the equivalent test (the Std. 
Dev. reported in Tables 7.8 and 7.9). Otherwise, it is possible that the validity of 
the assumption of equality and the quality of testing methodology is weakened as 
evidence for valid benefit transfer. Kristofersson and Navarud (2005) point out 
that large variances make it difficult to define the state of nature leading, thereby 
decreasing the likelihood that benefit transfer will be found to be the valid. 
 
7.4  Limitations and a potential for improving the accuracy of 
benefit transfer 
7.4.1 Limitations for meta-benefit transfer application 
There are three main limitations from applying benefit transfer to estimate 
wetland ecosystem service values: 
(i) Lack of micro-level theoretical foundations of benefit transfer (Bergstrom 
and Taylor, 2006; Johnston and Rosenberger, 2010).  
(ii) Limited access to information from original studies: Empirical wetland 
valuation studies in developing countries mostly provide insufficient 
information especially about wetland physical features (e.g., hydrological 
conditions, climate, and soil conditions) and characteristics of the sample 
of population (e.g., income, education, gender, age, and population 
density). These can cause important explanatory variables to be excluded 
from meta-datasets leading to less accurate and less valid benefit transfer 
application. 
(iii) Binary explanatory variables: Using dummy variables to characterize 
wetland types and wetland ecosystem services cannot capture the true 
variation in these characteristics, and thereby it is difficult to capture 
Valuing Thai wetlands through benefit transfer 
218 
 
important quality and quantity difference in service provision across sites 
(Brander et al., 2006).  As a result, the precision of value transfer of 
MRAs may be reduced.  
Nevertheless, Rosenberger and Phipps (2002) suggest that the accuracy of value 
transfer is directly related to the incidence of specific characteristics in the meta-
database. Moreover, McConnell (1992) points out that benefit transfer is largely 
more of an art than a science. It is difficult to mechanically implement benefit 
transfer, because environmental resources need to be evaluated in situations 
where the “true” resource values are not observed.  
 
7.4.2 Potential for improving accuracy of benefit transfer 
One feature of the MRA results presented in Chapter 6 is that they fail to capture 
the expected higher wetland valuations that should be reflective of the more 
productive ecosystem wetlands in areas such as Southeast Asia and Latin 
America. The MRA, however, suggests that poorer ecosystems of Eastern Europe 
and Africa have higher valuations. This anomaly might arise when wetland 
valuations in developing countries do not fully reflect the “true” ecological value. 
Wetland valuations derived from an economic perspective require embracing an 
anthropocentric analysis. That is, the value of a resource asset is determined by 
the production and consumption opportunities it provides to humans (Millennium 
Ecosystems Assessment, 2005). However, humans cannot directly capture the 
benefit of all resources leading to environmental assessment distortion from 
“true” ecological value. For example, most people do not know how leeches 
provide value to the ecosystems and for some people the existence of leeches 
might be assigned a negative value. However, the existence of leeches in an 
aquatic ecosystem indicates unpolluted water (Metcalfe et al., 1984). Ghermandi et 
al., (2008) state that the rationale for preservation and creation of wetland 
ecosystems should stem from the recognition of their ecological as well as their 
economic value. In theory, ecological values can be included in economic values. 
The problem is one of information and estimation.   
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MRA research attention has been allocated to improve econometric 
estimation of benefit transfer to minimize transfer error, and to exploring the 
validity and reliability of MRA transfer functions. However, Rosenberger and 
Johnston (2011) recommend that researchers can’t rely solely on validity, 
econometrics, and theory. These authors make the case that researchers should 
adopt indexes such as the Biotic Integrity, Welfare Consistency, and other indexes 
with meta-regression functions. Brander et al. (2012) combines the MRA transfer 
function with spatial data derived from a GIS to transfer values for changes in the 
stock of ecosystems at a large spatial scale in a case study of the impact of climate 
change on European wetlands for the period 2000 to 2050. Such efforts can 
potentially enrich and improve the accuracy of benefit transfer methods and 
bridge the gap between ecological and economic valuation analysis. 
Combining MRA transfer functions with a National Biodiversity Index, 
Biotic Integrity, and a Welfare Consistency Index (Rosenberger and Johnston, 
2011) might produce more reliable and more accurate estimates of wetland values 
in developing countries than relying purely on valuation methods. Meanwhile, the 
huge number of studies required in meta-datasets provides more accurate and 
valid benefit transfer. These methods help capture wetland values in terms of both 
anthropocentric and ecological analyses which might offer a closer approximation 
to the “true” value of wetlands.  
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7.5  Summary and conclusions 
This chapter applied the results of the MRA presented in Chapter 6 to the benefit 
transfer for the Bung Khong Long wetland, as well as 15 other wetland sites in 
Thailand. The MRA transfer functions are tested using in-sample benefit 
prediction performance. The out-of-sample performance involves comparing the 
estimated value to the observed values drawn from the choice experiment and 
market based approach presented in Chapter 5. 
Analysis of the median and average MAPE suggests that the MRA 
transfer functions can be used to estimate the value of wetlands at policy sites, on 
average. Transfer errors (TE) oscillate between 2 percent and 81 percent 
indicating that benefit transfer can be used for the Bung Khong Long wetland. 
However, caution is suggested in using the MRA transfer function, as some of the 
individual transfer errors are very large. In general, it appears that models that use all 
observations have lower mean and median MAPE than models that use sub-
groups. It also appears that models that include statistically insignificant MRA 
coefficients tend to generate larger transfer errors. The median MAPE from 
unweighted least square models is slightly lower than from models estimated 
using weighted least squares models. It is possible that the number of studies (and 
observations) may be an important factor determining the precision of MRA 
transfer functions. MRA models that use sub-group data obviously draw upon a 
smaller pool of studies. Shresha and Loomis (2000) and Steel and Kammeyer-Muller 
(2002) pointed out that a greater number of studies provide a more rigorous measure 
of central tendency that is sensitive to the underlying distribution of the study values.  
Application of benefit transfer to 15 wetlands in Thailand produces more 
diverse results. MRA models that use all available data appear to generate values 
close to the observed values of wetland site studies derived from choice 
experiments or other estimates derived from using more than one economic 
valuation method to assess multi ecosystem service values. However, sub-group 
MRA models are not as effective in estimating values of other wetlands in 
Thailand. The precision of estimates depends on kinds of model estimators and 
site-specific wetland studies which were chosen as “benchmark” value. Although, 
it is accepted that weighted least square models provide greater validity and 
Chapter 7 
221 
 
reliability benefit transfer than unweighted least square models, transfer errors 
from the application of  both are not largely different. MRAs provide precise and 
coverage benefit transfer for site wetland studies using reliable economic 
valuation methods which can capture economic surplus or are founded on 
economic theory to estimate more than one ecosystem services. It is difficult to 
justify that benefit transfer can be used for other wetlands in Thailand but the 
question occurs whether applying benefit transfer method to estimate wetlands in 
Thailand is more reliable than using economic valuation method. 
However, the results of paired t-test show that the estimated and original 
values of Bung Khong Long and other wetlands in Thailand are not statistically 
different. This suggests that benefit transfer can be used for Bung Khong Long 
and other wetlands in Thailand. Nevertheless, the validity of the assumption of 
equality and the quality of testing methodology is weakened as evidence for valid 
benefit transfer since sample standard deviation of different value for each test is 
too high. 
On balance, the conclusion that can be drawn from this analysis is that on 
the basis of the performance of MRA benefit transfer for Bung Khong Long and 
other wetlands in Thailand, MRA transfer functions can be applied to unstudied 
wetland sites in developing countries. On balance, MRA performs reasonably 
well in estimating the value of wetlands that provide important ecosystems such 
as habitat, biodiversity, water treatment, recreation and food production. 
The following chapter concludes this thesis with a discussion of the policy 
implications for valuing wetland ecosystem services. The chapter presents policy 
recommendations for wetland management of Mekong basin communities, and 
outlines directions for further research. 
Chapter 8 
Conclusions and Recommendations 
 
This is the concluding chapter of the thesis. The chapter is divided into 
three sections. Section 8.1 presents a brief review of findings of the thesis. 
Section 8.2 discusses some of the limitations of this research. Section 8.3 provides 
directions for further research. 
 
8.1     Key findings 
The main purpose of this thesis is to estimate the value of the ecosystem services 
of the Bung Khong Long wetland through two techniques: economic valuation 
methods and benefit transfer using meta-regression analysis.
 Three economic valuation methods were used to estimate the value of the 
ecosystem services of the Bung Khong Long wetland: (i) CE was used to survey 
the responses of 768 households from 18 villages to estimate the value of water 
regulation, food production, water quality improvement, biodiversity, and culture 
services. (ii) Avoided damage cost was used to estimate the value of carbon 
sequestration via the photosynthesis equation. (iii) The market price valuation 
method was used to value water supply and raw materials based on information 
from the Bung Khong Long municipality and WWF Greater Mekong Thailand 
country (2006), respectively. This analysis was presented in Chapter 5. 
The benefit transfer involved two steps. Meta-regression analysis was 
conducted on the existing economic valuation of wetlands from 309 studies of 
developing countries. This analysis was then used for benefit transfer. This 
analysis was presented in Chapters 6 and 7. 
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The thesis addressed nine research questions which were raised in Chapter 1: 
  
(1) What is the value of the ecosystem services of the Bung Khong Long 
wetland? 
The Bung Khong Long wetland ecosystem provides goods and services that have 
an economic value, not only to local people living in its periphery, but also to 
communities living outside the wetland area. These ecosystem service values 
include food production, raw materials, water supply, water regulation, 
recreational opportunities, water quality improvement, flood control, scientific 
research and culture. In addition, Bung Khong Long provides noteworthy 
ecosystem services considered to be “global public goods”, e.g., carbon 
sequestration and biodiversity-habitat, which are valuable for both the local and 
global population. The estimates for the value of these ecosystem services 
reported in Chapters 5 and 7 are of economic significance, indicating the 
importance of the wetlands to the local community.  
 
(2) Does the choice  experiment methodology  generate useful information 
about the local population’s attitudes towards improving the Bung Khong 
Long wetland ecosystem? 
The results of CE survey show that 754 (98.2%) of the respondents have a 
preference for supporting ecosystem improvement programs for the Bung Khong 
Long wetland. Only 14 (1.8 %) respondents selected the status quo scenario or 
protested about any hypothetical wetland ecosystem restoration program.These 
results show that the choice experiment methodology has generated useful 
information about the local population’s preferences towards improving the Bung 
Khong Long wetland ecosystem. 
 
(3) What are the main factors affecting respondents’ willingness to pay for 
improving ecosystem services and cultural amenity of the Bung Khong Long 
wetland? 
The results of the CE suggest that respondents, who are males, earn higher 
income, have education below the bachelor degree level, and have lived in the 
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Bung Khong Long community for a longer time period, prefer ecosystem 
restoration programs. In addition, local people who are concerned about 
degradation of water quality, illegal hunting and fishing, and depletion of fish 
stocks are more likely to choose a wetland ecosystem restoration option over the 
status quo.Respondents who are concerned about developments encroaching on 
the wetland are more likely to prefer the status quo over the change alternatives.
  
(4) How much is the Bung Khong Long community willing to pay for 
wetland ecosystem improvement? 
 The implicit price estimates resulting from the CE suggest that for each wetland 
ecosystem restoration attribute, respondents would be willing to pay about US$ 
12.51 per annum for an additional restored temple, about US$ 2.18 per annum for 
a one per cent increase in cropping area, approximately US$ 0.12 per annum for a 
one kg/rai additional density of healthy aquatic plants, approximately US$ 0.017 
per annum for an extra bird species, and about US$ 0.002 per annum for a one 
kilogram increase in fish catch. However, households derived negative value from 
waiting one year for ecosystem improvement to commence. 
The compensating surplus estimates of the CE results showed that local 
people are willing to contribute approximately US$ 79.13 per household per 
annum for five years to a trust fund for scenario changes from the status quo to 
ecosystem improvement. This suggests social benefits of about US$ 1,349,087 
per annum, which may be lower than the cost of the restoration projects.
However, these social benefits are likely to be lower bound estimates. First, some 
ecosystem services are valuable not only to the local community, but also 
communities living outside the wetland area. Second, there are other ecological 
services that flow from Bung Khong Long wetland, e.g., carbon sequestration, 
water supply, raw materials, flood control, and recreation. Factoring these values 
into the calculus might result in the total benefits being greater than identified in 
this CE. The total social benefits (total economic value of ecosystem services) 
including carbon sequestration, water supply, and raw materials are estimated to 
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be US$ 2,762,505 per annum or approximately US$ 1,248 89 per hectare per 
annum at 2012 prices. This makes it more likely that the social benefits may 
outweigh the cost of a restoration program. Hence, an argument can be made that 
the Bung Khong Long community requires some level of external support in 
order to develop and implement appropriate wetland management. 
 
(5) What are the determinants of wetland values in developing countries? 
The MRA estimations suggest that wetland characteristics, valuation methods, 
and wetland contexts all influence wetland values. The results indicate that 
wetland size is very robust in having a negative effect on average wetland values. 
Wetlands that produce internationally traded goods and services are consistently 
more valuable than other wetlands. A case in point is marine wetlands.  
Per capita income is a fairly robust and positively significant variable 
inferring that the higher GDP per capita countries have the higher wetland per 
hectare values. Wetlands providing water treatment and habitat-biodiversity are 
consistently more valuable than wetlands providing recreation. Values produced 
by stated preference studies are lower than those estimated with a market price 
based approaches. Protected area and urban wetlands produce higher values than 
other sites, while Ramsar sites are less valuable than other sites. 
 
(6) Are MRA models suitable to estimate the value of the ecosystem services 
of the Bung Khong Long wetland and other policy sites?  
The in-sample median and MAPE are 24.52% and 45.70%, respectively. These 
statistics suggest that the MRA models are suitable for estimating the value of the 
Bung Khong Long wetland and other policy sites in developing countries. 
However, caution is suggested in using the MRA transfer functions, as some of 
the individual transfer errors are very large. 
 

89This is equivalent to US$ 976 per hectare per annum at price 2002. 
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(7) What is the comparison between primary values estimated with a choice 
experiment and values estimated through benefit transfer?   
The CE estimated ecosystem service values in terms of food production, water 
regulation, water quality improvement, biodiversity-habitat and culture. Values 
for other ecosystem services, carbon sequestration, water supply and raw 
materials, were also estimated. As noted above, the estimated total economic 
value of Bung Khong Long wetland ecosystem from this analysis is US$ 
2,762,505 per annum at price 2012 or US$ 2,158,207 per annum at price 2002. 
The per hectare value is US$ 976 per annum, at 2002 prices. Comparatively, 
meta-regression analysis and benefit transfer produces ecosystem service values 
of between US$ 396 and US$ 1,369 per ha per annum at 2002 prices, depending 
on the model specification.  
 
(8) Can benefit transfer be used for the Bung Khong Long wetland and other 
wetland sites in Thailand? 
Analysis of transfer errors suggests that benefit transfer can be used for the Bung 
Khong Long wetland. Specifically, the OLS MRA model predicts a value of US$ 
852, which is very close to the estimated value from the CE and market based 
analysis of ($976). The WLS MRA model predicts a value of US$ 1,005, which is 
also very close to the original value, with a transfer error of only 2.98 percent. 
However, application of the benefit transfer to other wetlands in Thailand 
produces rather diverse results. MRA models that use all available data appear to 
generate estimated values that are closer to the observed values of wetland site 
studies derived from CE or estimates derived from using more than one economic 
valuation method to assess multi ecosystem service values. In contrast, MRA 
models which use sub-samples (e.g., only data for Southeast Asia) appear to 
produce less precise benefit transfer values. This suggests that the number of 
studies (and observations) may be an important factor in determining the 
precision of the MRA benefit transfer function. 
 
(9) What specific suggestions does this study generate for wetland planners 
and policy-makers? 
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There are four main types of specific policy implications identified by this 
research. The first deals with the application of CE studies in the Northeast 
Thailand context. The second is associated with benefit transfer applications in 
the context of developing countries. The third involves the policy implications for 
wetland management in developing countries, and the fourth relates to policy 
recommendations for wetland management of Mekong basin communities. 
 
CE applications in the Northeast Thai context 
The application of CE to estimate wetland values is relatively new in Thailand.  
Due to the complexity in questionnaire design and limited education of 
respondents, this study provides an important basis for further CE applications. 
Four main issues are drawn from this study to further the development of CE in 
rural Northeast Thailand: 
(i)  Face-to-face interviews based questionnaires were appropriate for this 
data collection, since all respondents were unfamiliar with CE 
questionnaires. Thus, this situation did not favour the drop-off-pick up 
method. 
(ii) Interview teams should be local enumerators who can explain the choice 
tasks in the Lao dialect making it easy to understand for respondents.90 
Enumerators should be trained by researchers and supervised throughout 
the interview process. 
(iii) The selection of respondents should be the head of the household because 
they have more bargaining power in economic transactions, and enjoy 
wider community decision-making than other family members. They also 
have a better understanding of the CE questionnaire compared to other 
respondents.  

90
 While Bung Khong Long is located in Thailand, the local population speaks a Lao dialectǤ
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(iv)   Colourful choice cards are helpful in describing the choice scenarios. Also 
colour supplementary choice cards illustrating the attributes encourage 
respondents to participate.  
 
Benefit transfer application in a developing country context 
The application of benefit transfer to estimate the value of the ecosystem services 
of the Bung Khong Long wetland and other wetland sites in Thailand provides an 
important basis for further benefit transfer applications. Four main issues are 
drawn from this thesis to further the improving the precision of benefit transfer.  
(i)   It was found that for this application, using only statistically significant 
variables and the corresponding policy site characteristics to estimate 
wetland ecosystem services appears to be more accurate than using all the 
variables included in the MRA, regardless of their statistical significance. 
(ii)   The number of primary studies is likely to be an important factor in 
determining the precision of benefit transfer applications. Thus, collecting 
more primary studies may prove helpful in providing more accurate MRA 
benefit transfer functions. It is possible that researchers could share meta-
datasets with each other or upload their meta-datasets online, like the 
meta- datasets made public by Woodward and Wui (2001) and 
Rosenberger (2011) .91  
(iii)  Following the suggestion of Rosenberger and Johnston (2011), combining 
MRA transfer functions with a National Biodiversity Index, Biotic 
Integrity, Ecological Integrity and a Welfare Consistency Index may 
produce more reliable estimates that are more acceptable for 
academic/scientific societies. This remains an area for future research. 
(iv)  According to Nelson and Kennedy (2009), a common problem in MRA is 
the use of multiple estimates from the same primary research leading to 
between-study correlated observations or data clusters. If the number of 

91
 http://agecon2.tamu.edu/people/faculty/woodward-richard/paps/WetMetaData.PDF and 
http://recvaluation.forestry.oregonstate.edu/, respectively. 
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primary studies in the MRA is large, using a single estimate per study (or 
study-level average) may help MRA to provide more accurate estimates 
and increase the coverage of benefit transfer. 
 
Policy implications for wetland management in the developing country context 
For the proposed wetland ecosystem improvement programmes in the CE 
application, this study estimates social benefits based on the preferences of the 
community population. It is possible that this premise may be unjustified for 
environmental decisions. This suggests that policymakers in developing countries 
cannot rely on CE estimates or other valuation method estimates, but they should 
recognize that noteworthy ecosystem services of wetlands (e.g., biodiversity-
habitat, carbon sequestration) have a benefit not only to the local population, but 
also to the global population. In addition, they should consider the multitude of 
inter-connections among components of wetland resources, wetland uses and 
social systems. This can help wetland management to be more effective. 
 
Policy recommendations for wetland management of Mekong basin 
communities 
According to the proposed wetland ecosystem restoration programmes evaluated in 
Chapter 5, multi-storey rubber plantation is possible and useful for this 
community, as it has a beneficial effect on not only the ecological conditions of 
the Bung Khong Long wetland, but also the quality of life of farmers who change 
from farming a single crop (rubber plantation) to more productive, profitable and 
healthier farming practices. This farming system mimics a natural forest leading 
to a balance of farm ecosystems. This means that agrochemicalsare not necessary 
and also farmers can gain a variety of income sources from the “stock portfolio of 
crops” with rubber plants, fruit, vegetables, herbs, and other species. Thus, multi-
storey rubber plantations can result in wetland ecosystem improvement and 
sustainable agriculture contributing to sustainable communities. The Thai 
government might promote this cropping system to apply to the Bung Khong 
Long community and otherMekong basin communities. 
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However, the success of such a project relies on the types of native wild 
plants chosen as multiple-cropping. The main consideration is that these native 
wild plants should be profitable for farmers together with improving soil fertility. 
This project needs the support and knowledge from universities and government 
(e.g., agriculture, ecology, food sciences, nutrition, marketing, etc.) incorporating 
with local government and villagers. This would help farmers to have sustainable 
income and also reduce agrochemical use leading to improvements not only in 
natural water quality, but also in biodiversity in farm systems and wetland 
ecosystems. 
According to implicit price estimates, culture could be the centre of social 
appeal and should be a key factor to wetland management. The Thai Government, 
the WWF Greater Mekong Thailand Organization, and the Office of the Bung 
Khong Long Non-Hunting Area could consider applying traditional Buddhist 
beliefs and local culture, together with environmental conservation plans, 
especially water resource conservation. Local government and community leaders 
should recognize the importance of traditional Buddhist beliefs and local culture, 
including conservation of culture for future generations. This is because culture 
may be one thing representing participation and faith of the local people or Thai-
Laos people in the Mekong basin community to protect the environment 
effectively. 
 
8.2      Limitations for valuing ecosystem services 
A major limitation for valuing ecosystem services is that economic valuation of 
ecosystems is grounded in anthropocentric or utilitarian ideology with the goal of 
individual maximizing. In other words, natural resources are deemed to have 
value only to the extent that they confer satisfaction to humans (Farber et al., 
2002; Korsgaard and Schou, 2010). This approach may be inconsistent with 
protecting the planet and other species (Goulder and Kennedy, 2009). This might 
cause natural resource management or wetland management in developing 
countries to focus more on development than environmental protection. 
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 his thesis applied both economic valuation method and benefit transfer to 
wetland values. Each application has its own limitations. 
 
8.2.1 Economic valuation method 
Choice experiment 
Limitations for this CE application could be categorized in terms of methodology, 
research design and survey implications 
(i) Methodology 
Stated preference methods have been criticized as being unrealistic and not 
offering proper incentives for respondents to reveal their true preferences or their 
real WTP in hypothetical settings (Lusk and Schroeder 2004; Kimenju et al., 
2006). Furthermore, in CE questionaries, respondents are often asked several 
repeated questions leading to respondent fatigue and confusion (Bradley, 1998). 
These problems may violate the stability of preferences assumption92 (Johnson et 
al., 2000), or serve to accentuate problems with hypothetical bias (Luke and 
Schroeder, 2004). Thus, it is possible that the consumer surplus and implicit price 
estimates for this study may be biased.  
In addition, in CE surveys, problems may arise when individuals choose one 
of two alternatives each described by multiple attributes, meanwhile they believe 
that two alternatives are most likely to be chosen, although these two alternatives 
are not the most preferred ones. Thus, it is possible that the preference profile 
constructed from the survey may not be a reflection of true preferences; instead it 
might be a reflection of strategic behaviour that results in unreliable welfare 
estimation (Alpizar et al., 2001).   
(ii) Research design 
Due to complex choice tasks, more than five attributes in a choice set may lead to 
inefficiency of data collection (Mazzotta and Opaluch, 1995). It was observed that 

92Alpizar et al. (2001:20) point out that: “In choice experiments the utility function of each 
individual is assumed to be stable throughout the experiment”.  
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some respondents chose the alternative with the highest level of one attribute, or 
the lowest payment, or the same alternative/option. However, Alpizar et al. 
(2001) stated that if respondents rank attributes based only on the level of their 
most important attribute or their self-interest, these genuine lexicographic 
preferences in a choice are not a problem, although they provide little information 
in the analysis. However, it was observed that approximately 7 respondents (1%) 
chose only option A or option B for all the choice sets which they didn’t consider 
the outcome and cost. Hence, it is possible that system error might arise for this 
type of analysis (Alpizar et al., 2001). 
Although, inter-attribute correlation is not a statistical concept (Hensher et 
al., 2005),inevitably attributes selected of ecosystem services are correlated with 
each other, in that, in ecosystem, plants, animals and other living organisms 
interact with each other and with the non-living elements.Thus, it is possible that 
CE designed to estimate the important ecosystem services of the Bung Khong 
Long wetland may have a problem with inter-attribute correlation.  
(iii) Survey implication 
Using face-face-interviews, respondents had to maintain eye contact with the 
interviewers while explaining the choice sets. It was possible that respondents 
might feel pressure to complete the questionnaire. This might lead to some 
respondents rushing to complete the choices without considering what the best 
alternative is for them.  Moreover, choosing the choice sets of respondents was 
determined by the ability and skill communication of each enumerator. 
Consequently, it is possible that some respondents might not reveal their true 
preferences. 

8.2.2  Benefit transfer approach  
Screening quality of primary studies 
Benefit transfer has been criticised on the basis of “the quality of the primary 
research in reviews (“garbage in, garbage out”)” Borisova-Kidder (2006; 29). In 
this thesis, every effort was made to be comprehensive and inclusive in the choice 
of studies included in the meta-regression analysis. Some critics might argue that 
this leads to inclusion of lower quality studies.  
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Inconsistency of converting CS to aggregate WTP  
There are two potential inconsistencies in converting consumer surplus to 
aggregate WTP: 
(i) MostCVM and CE studies convert consumer surplus (CS) to aggregate 
WTP as: CS * number of households residing in the surrounding wetlands. 
However, others convert it as: CS * number of the population residing in 
the surrounding wetlands.  
(ii) Most TCM studies convert CS to aggregate WTP as: CS * number of 
Tourists. However, others convert it as: CS * number of the tourists plus 
number of the population residing in the surrounding wetlands. 
 
8.3      Directions for further research 
Valuing ecosystem services provides policy-makers with valuable information 
regarding the benefits of resources and social preferences. Hence, it can be a 
powerful tool to contribute to natural-resource conservation and management. 
However, valuing a single ecosystem service may be the result of management 
decisions that overlook a wide set of ecosystem services and ignore the multitude 
of interconnections among components of natural, environmental and social 
systems (Tallis and Polasky, 2009). This can lead to unsustainable use of natural 
resources and social problems. For example, focusing only on food production 
ecosystem services of coastal wetland may result in mangrove converted to 
shrimp aquaculture and loss of biodiversity and habitat. Focusing only on 
biodiversity conservation may lead to costs in terms of local jobs and food. 
Therefore, future research into valuing ecosystem services should contribute 
toward multi-ecosystem services addressing the joint value of ecosystems (e.g., 
valuing freshwater wetland ecosystems should link forest, land use and farm 
systems, valuing coastal ecosystems should address linkage among mangrove, 
sea-grass beds and coral reefs, etc.). In essence, economic valuation methods 
require more integration among natural and social sciences. 
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Choice experiment 
The CE valuation method is still developing. Currently, the CE application in the 
environmental economics field focuses on three directions for imminent further 
research. First, CE data analysis is required to use statistically more advanced 
econometric models that can improve fit to the observed data incorporating 
preference heterogeneity and assess the incidence of environmental quality 
change (Adamowicz and Boxall, 2001). Second, it might be possible to combine 
the CE valuation method with spatially related environmental quality, and 
socioeconomic characteristics via GIS to evaluate the influence of respondents’ 
local environmental quality on WTP for conserving wetlands, as has been done by 
Tait et al. (2012). Third, the application of CE to value ecosystem services 
requires integrating ecology, biology, botany, agriculture, environmental and 
social sciences together with participatory methodologies. 
However, wetlands are complex ecosystems with multiple stakeholders. 
Providing ecosystem service values to policy-makers  may not be robust enough 
to achieve wetland management for sustainable or wise use. Thus, future research 
should contribute toward applying CE to analyse public preferences and 
interactions with the ecosystem dynamic model for optimal use.  
 
Benefit transfer 
Although recently MRA studies have used more advanced econometric 
techniques, this does not necessarily result in MRA that provides accurate benefit 
transfer when applied to out of sample predictions or to policy sites. MRA 
datasets require a large number of primary studies and good quality of primary 
research which provides the necessary details about wetland ecological and 
physical characteristics to construct wider explanatory variables.Future research 
can be directed to the evaluation of the performance and validity testsof benefit 
transfer.  
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Appendix 4.1: Water quality of Bung Khong Long in 2006 
     
Stations 
Temperature 
( C..) pH Conductivity Salinity DO BOD TCB FCB NH3 NO3 Zn Cd Pub Cu  Mn Hg Ni OC 
Baan Tong 27.3 7.14 10 0 4.63 1.39 150 125 0.21 <0.05 0.08 <0.004 <0.05 <0.02 0.05 <0.50 0.10 0.01 
Baan Kok Kloy 28.4 6.54 10 0 6.22 1.7 950 650 0.14 <0.05 0.08 <0.004 <0.05 <0.02 0.14 <0.50 0.06 ND 
Baan Sok Kam 26.8 6.35 5.5 0 2.48 2.02 370 370 0.12 <0.05 0.06 <0.004 <0.05 <0.02 0.12 <0.50 0.09 ND 
Baan Sok Plo 27.5 6.57 10 0 5.54 1.33 850 600 0.30 <0.05 0.06 <0.004 <0.05 <0.02 <0.01 <0.50 0.098* 0.01 
Bung Kong Long 1 28.4 6.47 10.5 0 7.48 0.76 400 235 0.11 <0.05 0.08 <0.004 <0.05 <0.02 0.05 0.54* 0.09 0.01 
Bung Kong Long 2 28 6.53 11 0 7.35 0.94 685 270 0.13 <0.05 0.05 <0.004 <0.05 <0.02 0.06 <0.50 0.09 0.01 
Baan Kamsom Boon 1 28.3 6.56 11.5 0 7.16 1.03 770 470 0.09 <0.05 0.10 <0.004 <0.05 <0.02 0.06 <0.50 0.095* ND 
Baan Kamsom Boon 2 28.2 6.58 11 0 7.46 0.66 515 125 0.11 <0.05 0.08 <0.004 <0.05 <0.02 0.03 <0.50 0.09 0.01 
Standard   5-9     >4 <2 <20000 <40000 0.50 <5.0 1.00 <0.005 0.05 0.10 1.00 2.00 0.10 0.01 
Source: WWF Greater Mekong Thailand Programme, 2006 
Note:  ND denotes non-detectable 
        : DO denotes Dissolved oxygen 
        : BOD denotes Biochemical oxygen demand 
        : TCB denotes total coliform bacteria 
        : FCB denotes Feacal coliform bacteria 
        : OC denotes agro-chemical substance (Organochlorins) 
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Appendix 4.2:  English questionnaire  
 
 
DEAKIN UNIVERSITY 
SCHOOL OF ACCOUNTING, ECONOMICS AND FINANCE 
A SURVEY QUESTIONNAIRE FOR ESTIMATING THE ECOLOGICAL SERVICE VALUE 
OF BUNG KHONG LONG WETLAND  
 
Date    ---------/------------/--------------- 
Interviewer name  -------------------------------------- 
Interview started   -------------------------------------- 
Interview ended  -------------------------------------- 
Interviewee number  -------------------------------------- 
Village:     Baan Tong              Baan Khok Krasae 
     Baan Non Saunmon            Baan Non Yang Kham 
     Baan Nong Pladuk  Baan Kham Somboon 
 Baan Sok Plo   Baan Sok Pok 
 Baan Bung Charen  Baan Non Swanan 
 Baan Non Sawang  Baan Bung Khong Long 
 Baan Donklang               Baan Donsawan 
 Bann Sok Kam               Bann Natakai 
 Others, please specify       ------------------------------------ 
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A. SOCIO-ECONOMIC BACKGROUND  AND GENERAL ATTITUDE  
 
A1.   Gender        Male    Female 
 
A2.  Age ------------- years 
 
A3. What is the highest level of education you have obtained? 
 No formal Education   Primary 
 Secondary     Technical Diploma 
 Bachelor Degree    Master Degree 
 Others, please specify     ---------------------------------------- 
 
A4. What is your main occupation? 
 Farmer      Fisherman 
 Farmer & Fisherman   Teacher 
 Civil Servant    Own business 
 Labourer     Student 
Others, please specify       ---------------------------------------- 
  
A5. Number of members in your household: --------------------------- persons 
 
A6.  How long have you lived this village?  ------------------------------years 
 
A7.  How many children under 12 years of age do you have? ---------persons 
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A8.  Whose is responsibility to protect Bung Khong Long wetland? 
 Ramsar               WWF-Greater Mekong Organisation 
 Thai Government              Tambon Administrative Organisations 
 Villagers                            Everyone 
A9. Your monthly income 
 0 - 2,500 Baht    2,501- 5,000 Baht 
 5,001- 7,500 Baht    7,501- 10,000 Baht 
 10,001- 15,000 Baht   15,001 - 20,000 Baht 
 Others, please specify     ---------------------------------------- 
A10. Your total household income per month 
 0 - 2,500 Baht    2,501- 5,000 Baht 
 5,001- 7,500 Baht    7,501- 10,000 Baht 
 10,001- 15,000 Baht   15,001 - 20,000 Baht 
 Others, please specify                    ----------------------------- 
 
A11. Your total household expenditure per month 
 0 - 2,500 Baht    2,501- 5,000 Baht 
 5,001- 7,500 Baht    7,501- 10,000 Baht 
 10,001- 15,000 Baht   15,001 - 20,000 Baht 
 Others, please specify                    ----------------------------- 
 
A12. Suppose that the Thai government plans to invest money to help with one of 
the problems listed below. Which of these problems do you consider to be the 
most important one to solve in your community? 
  Increasing agricultural prices  Increasing agricultural productivity 
 Decreasing commodity prices       Decreasing chemical fertilizer price 
  Farmer’s Debt Moratorium    
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              Improving environmental quality of Bung Khong Long wetland 
              Others, please specify ----------------------------------------------------------- 
 
A13.  What do you think are the three most important problems related to Bung 
Khong Long wetland?   
  Reduction of fish stock            Encroaching wetlands for cropping 
                  Water contaminated by agro-chemicals                 Water contaminated by TCB and FCB 
  Illegal hunting and fishing in sanctuary area    
              Accidental forest burning          Others, please specify--------- 
 
A14.   From question A11, which of these problems do you consider to be the 
most important to address?  
  Reduction on fish stock          Encroaching wetlands for cropping   
  Water contaminated by agro-chemicals              Water contaminate by TCB and FCB 
  Illegal hunting and fishing in Sanctuary area    
  Accidental forest burning       Others, please specify ---------- 
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B. SCENARIO OF THE CHOICE EXPERIMENT 
According to RIS-Bungkhonglong 241.08.01 and WWF-Greater Mekong Thailand 
Country Program 2007, Bung Khong Long wetland are being disturbed and threatened 
by various factors such as: 
(1) Decreasing fish stock 
(2) Degrading water quality caused by draining waste water from household 
activities and agricultural practices 
(3) Encroaching upper wetlands for agricultural  production  
(4) Illegal bird hunting and bird eggs collecting and lumber cutting 
How can local people solve and prevent these problems?  How can wetland resources be 
managed in order to benefit future generations? 
Suppose, a trust fund to address these problems or improve the environmental 
quality of Bung Khong Long wetland, including enriching the quality of life of local 
people is proposed. The trust fund could be organized by the Wetlandnongkhai 
Organisation with the following objectives: 
(1) Treating of sewage to a high standard 
(2) Building a new draining system 
(3) Establishing the centre of promoting multi-storey cropping      
(4) Monitoring  for control  of illegal bird and egg hunting, and lumber 
cutting 
(5) Developing systems to control wetland encroachment  
(6)  Restoring the temples in the community 
 
As such, in order to improve the ecosystems of Bung Khong Long wetland and conserve 
local culture, villagers would be asked to pay a donation to the fund. 
Please keep in mind: 
(1) The objectives of this questionnaire are to better understand what are the 
major problems of Bung Khong Long wetland, how villagers respond, what could be 
done to  relieve these problems and how can ecosystems be used in order to maximize the 
benefits for different users of Bung Khong Long wetland. 
(2) There are no “correct” or “incorrect” answers, but you are asked to 
carefully choose between the alternatives, presented in the tables below. 
GIVEN THIS HYPOTHETICAL SCENARIO PLEASE LOOK AT THE 
POLICY OPTIONS BELOW AND INDICATE WHICH YOU WOULD 
PREFER.  
In each case Option C provides the outcomes most likely if current policy is continued.   
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CHOICE 1 
Of the three alternatives below, mark the alternative you prefer 
    Attributes Option A  Option B Option C Status Quo 
Increased cropping area surrounding wetland 
 
5% 15 % No change (2,663 ha) 
Quantity of fishing (kg/year)    
 
100,000 kg 90,000 kg 80,000 kg 
Density of  healthy aquatic plants (kg/ha)  
 
70  kg/ha 60  kg/ha 50   kg/ha 
Number of bird species  
 
300  species 200  species 136  species 
Number of temples restored   
 
2  temples 1 temple 0 temple 
Years when ecosystem restoration begins 
 
2 years 
from now 
3 years 
from now No change 
Donation (Baht/year) for five years 
 
500 Baht  1,000 Baht 
 
 
0 Baht 
Your preference?       
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CHOICE 2 
Of the three alternatives below, mark the alternative you prefer 
Attributes Option A Option B Option C Status Quo 
Increased cropping area surrounding wetland 
 
5% 15 % No change (2,663 ha) 
Quantity of fishing (kg/year)    
 
90,000 kg 100,000 kg 80,000 kg 
Density of  healthy aquatic plants (kg/ha)  
 
60 kg/ha 70  kg/ha 50   kg/ha 
Number of bird species  
 
300  species 200   species 136  species 
Number of temples restored   
 
1  temple 2   temples 0 temple 
Years when ecosystem restoration begins 
 
5 years 
from now 
5 years from 
now No change 
Donation (Baht/year) for five years 
 
500 Baht 1,000 Baht 
 
 
0 Baht 
Your preference?    
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CHOICE 3 
Of the three alternatives below, mark the alternative you prefer 
    Attributes Option A  Option B 
Option C 
Status 
Quo 
Increased cropping area surrounding wetland 
 
5% 15 % No change (2,663 ha) 
Quantity of fishing (kg/year)    
 
90,000 kg 100,000 kg 80,000 kg 
Density of  healthy aquatic plants (kg/ha)  
 
60 kg/ha 70 kg/ha 50   kg/ha 
Number of bird species  
 
200    species 300 species 136  species 
Number of temples restored   
 
2 temples 1 temple 0 temple 
Years when ecosystem restoration begins 
 
2 years from 
now 
3 years 
from now No change 
Donation (Baht/year) for ten years 
 
1,000 Baht 500 Baht 
 
 
0 Baht 
Your preference?               
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CHOICE 4 
Of the three alternatives below, mark the alternative you prefer 
    Attributes Option A  Option B Option C Status Quo 
Increased cropping area surrounding wetland 
 
15% 5 % No change (2,663 ha) 
Quantity of fishing (kg/year)    
 
100,000 kg 90,000 kg 80,000 kg 
Density of  healthy aquatic plants (kg/ha)  
 
60  kg/ha 70  kg/ha 50   kg/ha 
Number of bird species  
 
200  species 300  species 136  species 
Number of  temples restored   
 
1 temple 2 temples 0 temple 
Years when ecosystem restoration begins
 
2 years 
from now 
4 years 
from now No change 
Donation (Baht/year) for five years 
 
1,000 Baht 500 Baht 
 
 
0 Baht 
Your preference?       
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CHOICE 5 
Of the three alternatives below, mark the alternative you prefer 
Attributes Option A Option B 
Option C 
Status 
Quo 
Increased cropping area surrounding wetland 
 
15% 5 % No change (2,663 ha) 
Quantity of fishing (kg/year)    
 
100,000 kg 90,000 kg 80,000 kg 
Density of  healthy aquatic plants (kg/ha)  
 
60 kg/ha 70  kg/ha 50   kg/ha 
Number of bird species  
 
200  species 300   species 136  species 
Number of temples restored   
 
1  temple 2   temples 0 temple 
Years when ecosystem restoration begins
 
1 year 
from now 
1 year from 
now No change 
Donation (Baht/year) for five years 
 
500 Baht 1,000 Baht 
 
 
       0 Baht 
Your preference?    
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CHOICE 6 
Of the three alternatives below, mark the alternative you prefer 
    Attributes Option A  Option B Option C Status Quo 
Increased cropping area surrounding wetland 
 
5% 15% No change (2,663 ha) 
Quantity of fishing (kg/year)    
 
90,000 kg 100,000 kg 80,000 kg 
Density of  healthy aquatic plants (kg/ha)  
 
70  kg/ha 60   kg/ha 50   kg/ha 
Number of bird species  
 
200 species 300  species 136  species 
Number of temples restored   
 
2 temples 1    temple 0 temple 
Years when ecosystem restoration begins
 
4 years 
from now 
2 years 
from now No change 
Donation (Baht/year) for five years 
 
500 Baht 1,000 Baht 
 
 
0 Baht 
Your preference?       
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CHOICE 7 
Of the three alternatives below, mark the alternative you prefer 
    Attributes Option A  Option B Option C Status Quo 
Increased cropping area surrounding wetland 
 
15% 5% No change (2,663 ha) 
Quantity of fishing (kg/year)    
 
100,000 kg 90,000 kg 80,000 kg 
Density of  healthy aquatic plants (kg/ha)  
 
70  kg/ha 60   kg/ha 50   kg/ha 
Number of bird species  
 
300 species 200  species 136  species 
Number of temples restored   
 
2 temples 1    temple 0 temple 
Years when ecosystem restoration begins
 
3 years 
from now 
4 years 
from now No change 
Donation (Baht/year) for five years 
 
1,000 Baht 500 Baht 
 
 
0 Baht 
Your preference?       
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CHOICE 8 
Of the three alternatives below, mark the alternative you prefer 
    Attributes Option A  Option B Option C Status Quo 
Increased cropping area surrounding wetland 
 
15% 5% No change (2,663 ha) 
Quantity of fishing (kg/year)    
 
90,000 kg 100,000 kg 80,000 kg 
Density of  healthy aquatic plants (kg/ha)  
 
70  kg/ha 60   kg/ha 50   kg/ha 
Number of bird species  
 
200 species 300  species 136  species 
Number of  temples restored   
 
1 temple 2    temples 0 temple 
Years when ecosystem restoration begins 
 
2 years from 
now 
3 years from 
now No change 
Donation (Baht/year) for five years 
 
1,000 Baht 500 Baht 
 
 
0 Baht 
Your preference?       
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Would you like to make any other comments about the future 
management of Bung Khong Long wetland? 
 
………………………………………………………………………………………………………
……………………………………………………………………………………………………… 
……………………………………………………………………………………………………… 
……………………………………………………………………………………………………… 
……………………………………………………………………………………………………… 
……………………………………………………………………………………………………… 
……………………………………………………………………………………………………… 
 
 
Thank-you for taking the time to complete this questionnaire. 
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Appendix 4.3:  Thai questionnaire 
 
DEAKIN UNIVERSITY 
SCHOOL OF ACCOUNTING, ECONOMICS AND FINANCE 
A SURVEY QUESTIONNAIRE FOR ESTIMATING THE ECOLOGICAL SERVICE VALUE OF 
BUNG KHONG LONG WETLAND FOR OPTIMAL USE 
 
วนัทีÉ    ______/______/______ 
ผู้สมัภาษณ์   _______________________ 
เวลาทีÉเริÉมสมัภาษณ์   _______________________ 
เวลาทีÉสมัภาษณ์เสร็จ  _______________________ 
หมายเลขผู้ให้สมัภาษณ์          _______________________ 
บ้าน:     บ้านต้อง    บ้านโคกกระแซ 
    บ้านโนนสวนหมอ่น   บ้านโนนยางคํา 
    บ้านหนองปลาดกุ   บ้านคําสมบรูณ์ 
 บ้านโสกโพธิÍ                บ้านโสกพอก 
 บ้านบงึเจริญ               บ้านโนนสวรรค์ 
 บ้านโนนสวา่งเหนือ              บ้านบงึโขงหลง 
 บ้านดอนกลาง              บ้านโป่งตาว 
 บ้านโสกกาม             บ้านดอนสวรรค์ 
 อืÉนๆ (โปรดระบ)ุ ________________________________ 
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ก.คาํถามพื Êนฐานทางเศรษฐกิจ, สังคม และทัศนคตทิัÉวไป 
ข้อ 1   เพศ:        ชาย    หญิง 
ข้อ 2  อาย ุ____________ ปี 
ข้อ 3   ระดบัการศกึษาสงูสดุ 
  ตํÉากวา่ประถมศกึษา     ประถมศกึษา 
  มธัยมศกึษา      ปวช. / ปวส. / อนปุริญญา 
  ปริญญาตรี      ปริญญาโท 
  อืÉนๆ (โปรดระบ)ุ  ______________________________ 
ข้อ 4  อาชีพหลกั 
 เกษตรกร      ประมง 
  เกษตรกรและประมง   ครู / อาจารย์ 
 ข้าราชการ / พนกังานของรัฐ     ทําธุรกิจสว่นตวั 
 ลกูจ้าง             นกัเรียน / นกัศกึษา 
 อืÉนๆ (โปรดระบ)ุ  ____________________________ 
ข้อ 5  จํานวนสมาชิกในครอบครัว: _________________  คน 
ข้อ 6  ระยะเวลาทีÉทา่น อาศยั/ทํางาน ในหมู่บ้านนี Ê: __________________ ปี 
ข้อ 7  จํานวนสมาชิกในครัวเรือนทีÉมีอายุตํÉากว่า řŚ ปี: ________________ คน 
ข้อ 8   ทา่นเห็นวา่ บคุคลใดควรเป็นผู้ ทีÉมีหน้าทีÉดแูลและปกป้องพื ÊนทีÉชุม่นํ Êาบงึโขงหลง 
  อนสุญัญาแรมซาร์ (Ramsar)        องค์กร WWF-Greater Mekong Organisation  
 รัฐบาล               องค์การบริหารสว่นตําบล (อบต.) 
  ชาวบ้าน                ทกุๆคน 
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ข้อ 9  รายได้สว่นบคุคลตอ่เดือน 
     0 - 2,500 บาท     2,501- 5,000 บาท 
  5,001- 7,500 บาท    7,501- 10,000 บาท 
  10,001- 15,000 บาท    15,001 - 20,000 บาท 
  มากกวา่ ŚŘ,ŘŘŘ บาท 
ข้อ 10  รายได้ของครัวเรือนตอ่เดือน 
     0 - 2,500 บาท     2,501- 5,000 บาท 
  5,001- 7,500 บาท       7,501- 10,000 บาท 
  10,001- 15,000 บาท    15,001 - 20,000 บาท 
  มากกวา่ ŚŘ,ŘŘŘ บาท 
ข้อ 11  รายจา่ยของครัวเรือนตอ่เดือน 
      0 - 2,500 บาท     2,501- 5,000 บาท 
  5,001- 7,500 บาท       7,501- 10,000 บาท 
  10,001- 15,000 บาท     15,001 - 20,000 บาท 
  มากกวา่ ŚŘ,ŘŘŘ บาท 
ข้อ 12  สมมตุวิา่รัฐบาลมีแผนทีÉจะจดัสรรงบประมาณเพืÉอแก้ปัญหาในชมุชนของท่าน ท่าน
คดิว่าปัญหาใดดงัตอ่ไปนี Ê ควรได้รับการแก้ไขเป็นอนัดบัแรก  
 ราคาผลผลติทางการเกษตรตกตํÉา    ผลผลติทางการเกษตรลดลง 
 สนิค้าอปุโภค บริโภค ราคาแพง        ปุ๋ ยเคมีราคาแพง 
 ปัญหาหนี Êสนิเกษตรกร    ปัญหาสิÉงแวดล้อมพื ÊนทีÉชุ่มนํ Êาบงึโขงหลง 
 อืÉนๆ (โปรดระบ)ุ  ____________________________ 
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ข้อ 13  ทา่นคิดวา่ ś ปัญหาหลกั ของพื ÊนทีÉชุม่นํ Êาบงึโขงหลง คือ ปัญหาใดดงัตอ่ไปนี Ê 
ปริมาณปลาในแหลง่นํ Êาลดลง                     การบกุรุกพื ÊนทีÉเพืÉอทําเกษตรกรรม 
              แหล่งนํ ÊาปนเปืÊอนสารเคมีทางการเกษตร          แหล่งนํ ÊาปนเปืÊอนเชื Êอโรค 
 การทําประมงและล่าสตัว์ในเขตพื ÊนทีÉอนรัุกษ์  ไฟป่า    
 อืÉนๆ (โปรดระบ)ุ ____________________________ 
ข้อ14  จากข้อ řś ทา่นคิดวา่ปัญหาใด เป็นปัญหาสําคญัทีÉควรได้รับการแก้ไขเป็นอนัดบัต้น   
ปริมาณปลาในแหลง่นํ Êาลดลง                     การบกุรุกพื ÊนทีÉเพืÉอทําเกษตรกรรม 
              แหล่งนํ ÊาปนเปืÊอนสารเคมีทางการเกษตร             แหลง่นํ ÊาปนเปืÊอนเชื Êอโรค 
 การทําประมงและล่าสตัว์ในเขตพื ÊนทีÉอนรัุกษ์   ไฟป่า    
 อืÉนๆ (โปรดระบ)ุ ____________________________ 
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ข. การสมมุติเหตุการณ์ ของการทดลองแบบทางเลอืก (THE CHOICE EXPERIMENT) 
จากรายงานของ RIS-Bungkhonglong 241.08.01 และ WWF-Greater Mekong Thailand 
Country Program 2007 พื ÊนทีÉชุ่มนํ Êาบงึโขงหลงกําลงัถกูคกุคามและประสบกบัปัญหา ดงัตอ่ไปนี Ê 
(ř)  การลดลงของปริมาณปลาในแหลง่นํ Êา 
(Ś) คณุภาพนํ Êาลดลง เนืÉองจากการปลอ่ยนํ Êาเสยีของครัวเรือนและการทํากิจกรรมการเกษตร 
(ś) การบกุรุกพื ÊนทีÉชุ่มนํ ÊาเพืÉอทําการเกษตร 
(Ŝ) การลกัลอบลา่สตัว์ และตดัไม้ทําลายป่า 
เมืÉอเป็นเช่นนี Êแล้วในฐานะคนในท้องถิÉนทา่นจะแก้ไขและป้องกนัเหตกุารณ์ดงักลา่ว ได้อยา่งไร 
ควรจะจดัการพื ÊนทีÉชุ่มนํ Êาบงึโขงหลงอยา่งไรเพืÉอยงัคงประโยชน์ตอ่คนรุ่นหลงั ในอนาคต สมมตุวิา่มีการ
จดัตั ÊงกองทนุเพืÉอแก้ไขและปรับปรุงคณุภาพทรัพยากรธรรมชาติ และสิÉงแวดล้อม ในพื ÊนทีÉชุ่มนํ Êาบงึโขงหลง
ตลอดจนพฒันาคณุภาพชีวิตของประชาชน ในท้องถิÉน ซึÉงกองทนุดงักลา่วบริหารและจดัการโดย องค์กร
อนรัุกษ์พื ÊนทีÉชุ่มนํ Êาบงึโขงหลง โดยกองทนุมเีป้าประสงค์ดงัตอ่ไปนี Ê 
(ř) พฒันาระบบบําบดันํ Êาเสยีให้มีคณุภาพสงู 
(Ś) ก่อสร้างระบบระบายนํ Êาเสยีใหม่ 
(ś) จดัตั Êงศนูย์กลางสง่เสริมปลูกพืชแบบวนเกษตรในสวนยางพารา 
(Ŝ) ควบคมุป้องกนัการลกัลอบลา่และสตัว์รวมทั Êงการตดัไม้ทําลายป่าในพื ÊนทีÉอนรัุกษ์ 
(ŝ) พฒันาระบบป้องกนัการบกุรุกพื ÊนทีÉชุ่มนํ Êา 
(Ş) บรูณศาสนสถานในพื ÊนทีÉชมุชน 
เพืÉอพฒันาระบบนิเวศน์ของพื ÊนทีÉชุ่มนํ Êาบงึโขงหลงและรักษาประเพณีวฒันธรรมท้องถิÉน และรักษา
ประเพณีวฒันธรรมท้องถิÉน ประชาชนในพื ÊนทีÉจะถกูสมัภาษณ์ ถึงความเต็มใจจา่ย ในการบริจาคเงิน เพืÉอ
สมทบกบักองทนุดงักลา่ว 
หมายเหตุ: 
(ř) จดุประสงค์ของแบบสอบถามฉบบันี Ê เพืÉอให้เข้าใจถึงปัญหาสาํคญัของพื ÊนทีÉชุ่มนํ Êาบงึโขงหลงรวมทั Êงการ
ตอบสนองของประชาชนในท้องถิÉน อะไคือวิธีการคลีÉคลายปัญหาและควรใช้ประโยชน์จาก
ทรัพยากรธรรมชาติร่วมกนัอยา่งไรเพืÉอเกิดประโยชน์สงูสดุอยา่งยัÉงยืน 
(Ś) คําถามดงัตอ่ไปนี Êไมมี่ ถกู หรือ ผิด โดยจะต้องเลอืกตอบอยา่งรอบคอบ ตามตวัเลอืกภายในตาราง 
ภายใต้สมมตฐิานทางเลอืก โปรดพิจารณาทางเลือกนโยบายต่อไปนี Êอย่างรอบคอบ และเลือก
นโยบายทีÉท่านพึงพอใจมากทีÉสุด (ทางเลอืกนโยบาย C คือ สถานการณ์ใกล้เคียงกับปัจจุบนั) 
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CHOICE 1 
โปรดพิจารณาทางเลือกตอ่ไปนี Êอย่างรอบคอบ และเลือกนโยบายทีÉท่านพงึพอใจมากทีÉสดุ 
Attributes/ทางเลือก นโยบาย A นโยบาย B นโยบาย C (ปัจจุบัน) 
เพิÉมพื ÊนทีÉการเกษตรรอบพื ÊนทีÉชุ่มนํ Êา 
 
5% 15 % 
ไม่เปลีÉยนแปลง 
  (16,644 ไร่) 
ปริมาณการจบัปลาในแหล่งนํ Êา (กิโลกรัม/ปี)    
 
100,000 
กิโลกรัม 
90,000 
กิโลกรัม 
80,000 
 กิโลกรัม 
ความหนาแน่นของพืชนํ ÊาทีÉเป็นตวัชี Êวดันํ Êาว่า “คุณภาพดี” (กก. /ไร่)  
 
450 กก./ไร่ 375  กก./ไร่ 310   กก./ไร่ 
จํานวนชนิดของนก 
 
300  ชนิด 200  ชนิด 136  ชนิด 
จํานวน วดั/โบสถ์ ทีÉถกูฟืÊนฟู 
 
2  แหง่ 1 แหง่ 0 แหง่ 
ระยะเวลาระบบนิเวศ เริÉมฟืÊ นฟู (ปี) 
 
2 ปีตอ่จากนี Ê 3 ปีตอ่จากนี Ê ไม่เปลีÉยนแปลง 
 จาํนวนเงนิบริจาคทืÉท่านยนิดีจ่ายต่อเนืÉองเป็นเวลา řŘ ปี 
 
500  
บาท / ปี 
1,000  
บาท / ปี 
0 
บาท / ปี 
 คําตอบ       
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CHOICE 2 
โปรดพิจารณาทางเลือกตอ่ไปนี Êอย่างรอบคอบ และเลือกนโยบายทีÉท่านพงึพอใจมากทีÉสดุ 
Attributes/ทางเลือก นโยบาย A นโยบาย B นโยบาย C 
(ปัจจุบัน) 
เพิÉมพื ÊนทีÉการเกษตรรอบพื ÊนทีÉชุ่มนํ Êา 
 
5% 15 % 
ไม่เปลีÉยนแปลง 
  (16,644 ไร่) 
ปริมาณการจบัปลาในแหล่งนํ Êา (กิโลกรัม/ปี)    
 
š0,000 
กิโลกรัม 
řŘ0,000 
กิโลกรัม 
80,000  
กิโลกรัม 
ความหนาแน่นของพืชนํ ÊาทีÉเป็นตวัชี Êวดันํ Êาวา่”คุณภาพดี “ (กก. / ไร่) 
 
375  กก./ไร่ 450  กก./ไร่ 310   กก./ไร่ 
จํานวนชนิดของนก 
 
300  ชนิด 200  ชนิด 136  ชนิด 
จํานวน วดั/โบสถ์ ทีÉถกูฟืÊนฟู 
 
ř  แหง่ Ś แหง่ 0 แหง่ 
ระยะเวลาระบบนิเวศ เริÉมฟืÊนฟ ู(ปี) 
 
ŝ ปีตอ่จากนี Ê ŝ ปีตอ่จากนี Ê ไม่เปลีÉยนแปลง 
 จํานวนเงินบริจาคทืÉท่านยินดีจ่ายต่อเนืÉองเป็นเวลา řŘ ปี 
 
500 
บาท / ปี 
1,000 
บาท / ปี 
0 
บาท / ปี 
 คําตอบ       
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CHOICE 3 
โปรดพิจารณาทางเลือกตอ่ไปนี Êอย่างรอบคอบ และเลือกนโยบายทีÉท่านพงึพอใจมากทีÉสดุ 
Attributes/ทางเลือก นโยบาย A นโยบาย B นโยบาย C 
(ปัจจุบัน) 
เพิÉมพื ÊนทีÉการเกษตรรอบพื ÊนทีÉชุ่มนํ Êา 
 
5% 15 % 
ไม่เปลีÉยนแปลง 
  (16,644 ไร่) 
ปริมาณการจบัปลาในแหล่งนํ Êา (กิโลกรัม/ปี)    
 
š0,000 
กิโลกรัม 
řŘ0,000 
กิโลกรัม 
80,000 
 กิโลกรัม 
ความหนาแน่นของพืชนํ ÊาทีÉเป็นตวัชี Êวดันํ Êาวา่”คุณภาพดี “ (กก. / ไร่))  
 
375  กก./ไร่ 450 กก./ไร่ 310   กก./ไร่ 
จํานวนชนิดของนก 
 
Ś00  ชนิด ś00  ชนิด 136  ชนิด 
จํานวน วดั/โบสถ์ ทีÉถกูฟืÊนฟู 
 
2  แหง่ 1 แหง่ 0 แหง่ 
ระยะเวลาระบบนิเวศ เริÉมฟืÊนฟ ู(ปี) 
 
2 ปีตอ่จากนี Ê 3 ปีตอ่จากนี Ê ไม่เปลีÉยนแปลง 
 จํานวนเงินบริจาคทืÉท่านยินดีจ่ายต่อเนืÉองเป็นเวลา řŘ ปี 
 
ř,000  
บาท / ปี 
500  
บาท / ปี 
0 
บาท / ปี 
 คําตอบ       
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CHOICE 4 
โปรดพิจารณาทางเลือกตอ่ไปนี Êอย่างรอบคอบ และเลือกนโยบายทีÉท่านพงึพอใจมากทีÉสดุ 
Attributes/ทางเลือก นโยบาย A นโยบาย B นโยบาย C 
(ปัจจุบัน) 
เพิÉมพื ÊนทีÉการเกษตรรอบพื ÊนทีÉชุ่มนํ Êา 
 
15% 5 % 
ไม่เปลีÉยนแปลง 
  (16,644 ไร่) 
ปริมาณการจบัปลาในแหล่งนํ Êา (กิโลกรัม/ปี)    
 
100,000 
กิโลกรัม 
90,000 
กิโลกรัม 
80,000  
กิโลกรัม 
ความหนาแน่นของพืชนํ ÊาทีÉเป็นตวัชี Êวดันํ Êาวา่”คุณภาพดี “ (กก. /ไร่))  
 
375  กก./ไร่ 450  กก./ไร่ 310   กก./ไร่ 
จํานวนชนิดของนก 
 
200  ชนิด 300  ชนิด 136  ชนิด 
จํานวน วดั/โบสถ์ ทีÉถกูฟืÊนฟู 
 
1  แหง่ 2 แหง่ 0 แหง่ 
ระยะเวลาระบบนิเวศ เริÉมฟืÊนฟ ู(ปี) 
 
2 ปีตอ่จากนี Ê 4 ปีตอ่จากนี Ê ไม่เปลีÉยนแปลง 
 จํานวนเงินบริจาคทืÉทา่นยินดีจ่ายต่อเนืÉองเป็นเวลา řŘ ปี 
 
1,000 
บาท / ปี 
500 
บาท / ปี 
0 
บาท / ปี 
 คําตอบ       
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CHOICE 5 
โปรดพิจารณาทางเลือกตอ่ไปนี Êอย่างรอบคอบ และเลือกนโยบายทีÉท่านพงึพอใจมากทีÉสดุ 
Attributes/ทางเลือก นโยบาย A นโยบาย B นโยบาย C 
(ปัจจุบัน) 
เพิÉมพื ÊนทีÉการเกษตรรอบพื ÊนทีÉชุ่มนํ Êา 
 
15% 5 % 
ไม่เปลีÉยนแปลง 
  (16,644 ไร่) 
ปริมาณการจบัปลาในแหล่งนํ Êา (กิโลกรัม/ปี)    
 
100,000 
กิโลกรัม 
90,000 
กิโลกรัม 
80,000 
 กิโลกรัม 
ความหนาแน่นของพืชนํ ÊาทีÉเป็นตวัชี Êวดันํ Êาวา่”คุณภาพดี “ (กก. /ไร่))  
 
375  กก./ไร่ 450  กก./ไร่ 310   กก./ไร่ 
จํานวนชนิดของนก 
 
200  ชนิด 300  ชนิด 136  ชนิด 
จํานวน วดั/โบสถ์ ทีÉถกูฟืÊนฟู 
 
1  แหง่ 2 แหง่ 0 แหง่ 
ระยะเวลาระบบนิเวศ เริÉมฟืÊนฟ ู(ปี) 
 
1 ปีตอ่จากนี Ê 1 ปีตอ่จากนี Ê ไม่เปลีÉยนแปลง 
 จํานวนเงินบริจาคทืÉท่านยินดีจ่ายต่อเนืÉองเป็นเวลา řŘ ปี 
 
500 
บาท / ปี 
1,000 
บาท / ปี 
0 
บาท / ปี 
 คําตอบ       
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CHOICE 6 
โปรดพิจารณาทางเลือกตอ่ไปนี Êอย่างรอบคอบ และเลือกนโยบายทีÉท่านพงึพอใจมากทีÉสดุ 
Attributes/ทางเลือก นโยบาย A นโยบาย B นโยบาย C 
(ปัจจุบัน) 
เพิÉมพื ÊนทีÉการเกษตรรอบพื ÊนทีÉชุ่มนํ Êา 
 
5% 15 % 
ไม่เปลีÉยนแปลง 
  (16,644 ไร่) 
ปริมาณการจบัปลาในแหล่งนํ Êา (กิโลกรัม/ปี)    
 
90,000 
กิโลกรัม 
100,000 
กิโลกรัม 
80,000  
กิโลกรัม 
ความหนาแน่นของพืชนํ ÊาทีÉเป็นตวัชี Êวดันํ Êาวา่”คุณภาพดี “ (กก. /ไร่))  
 
450  กก./ไร่ 375  กก./ไร่ 310   กก./ไร่ 
จํานวนชนิดของนก 
 
200  ชนิด 300  ชนิด 136  ชนิด 
จํานวน วดั/โบสถ์ ทีÉถกูฟืÊนฟู 
 
2  แหง่ 1 แหง่ 0 แหง่ 
ระยะเวลาระบบนิเวศ เริÉมฟืÊนฟ ู(ปี) 
 
4 ปีตอ่จากนี Ê 2 ปีตอ่จากนี Ê ไม่เปลีÉยนแปลง 
 จํานวนเงินบริจาคทืÉท่านยินดีจ่ายต่อเนืÉองเป็นเวลา řŘ ปี 
 
500 
บาท / ปี 
1,000 
บาท / ปี 
0 
บาท / ปี 
 คําตอบ       
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CHOICE 7 
โปรดพิจารณาทางเลือกตอ่ไปนี Êอย่างรอบคอบ และเลือกนโยบายทีÉท่านพงึพอใจมากทีÉสดุ 
Attributes/ทางเลือก นโยบาย A นโยบาย B นโยบาย C 
(ปัจจุบัน) 
เพิÉมพื ÊนทีÉการเกษตรรอบพื ÊนทีÉชุ่มนํ Êา 
 
15% 5 % 
ไม่เปลีÉยนแปลง 
  (16,644 ไร่) 
ปริมาณการจบัปลาในแหล่งนํ Êา (กิโลกรัม/ปี)    
 
100,000 
กิโลกรัม 
90,000 
กิโลกรัม 
80,000  
กิโลกรัม 
ความหนาแน่นของพืชนํ ÊาทีÉเป็นตวัชี Êวดันํ Êาว่า”คุณภาพดี “ (กก. /
ไร่))  
 
450 กก./ไร่ 375  กก./ไร่ 310   กก./ไร่ 
จํานวนชนิดของนก 
 
300  ชนิด 200  ชนิด 136  ชนิด 
จํานวน วดั/โบสถ์ ทีÉถกูฟืÊนฟู 
 
2  แหง่ 1 แหง่ 0 แหง่ 
ระยะเวลาระบบนิเวศ เริÉมฟืÊนฟ ู(ปี) 
 
3 ปีตอ่จากนี Ê 4 ปีตอ่จากนี Ê ไม่เปลีÉยนแปลง 
 จํานวนเงินบริจาคทืÉท่านยินดีจ่ายต่อเนืÉองเป็นเวลา řŘ ปี 
 
1,000  
บาท / ปี 
500  
บาท / ปี 
0 
บาท / ปี 
 คําตอบ       
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CHOICE 8 
โปรดพิจารณาทางเลือกตอ่ไปนี Êอย่างรอบคอบ และเลือกนโยบายทีÉท่านพงึพอใจมากทีÉสดุ 
Attributes/ทางเลือก นโยบาย A นโยบาย B นโยบาย C 
(ปัจจุบัน) 
เพิÉมพื ÊนทีÉการเกษตรรอบพื ÊนทีÉชุ่มนํ Êา 
 
15% 5 % 
ไม่
เปลีÉยนแปลง 
  (16,644 ไร่) 
ปริมาณการจบัปลาในแหล่งนํ Êา (กิโลกรัม/ปี)    
 
90,000 
กิโลกรัม 
100,000 
กิโลกรัม 
80,000 
 กิโลกรัม 
ความหนาแน่นของพืชนํ ÊาทีÉเป็นตวัชี Êวดันํ Êาวา่”คุณภาพดี “ (กก./ ไร่))  
 
450  กก./ไร่ 375 กก./ไร่ 310 กก./ไร่ 
จํานวนชนิดของนก 
 
200  ชนิด 300  ชนิด 136  ชนิด 
จํานวน วดั/โบสถ์ ทีÉถกูฟืÊนฟู 
 
1  แหง่ 2 แหง่ 0 แหง่ 
ระยะเวลาระบบนิเวศ เริÉมฟืÊนฟ ู(ปี) 
 
2 ปีตอ่จากนี Ê 3 ปีตอ่จากนี Ê ไม่เปลีÉยนแปลง 
 จํานวนเงินบริจาคทืÉท่านยินดีจ่ายต่อเนืÉองเป็นเวลา řŘ ปี 
 
1,000  
บาท / ปี 
500 
 บาท / ปี 
0 
บาท / ปี 
 คําตอบ       
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ข้อเสนอแนะเพิÉมเตมิเกีÉยวกบัการจดัการพื ÊนทีÉชุ่มนํ Êาบงึโขงหลงในอนาคต 
 
…………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………… 
…………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………… 
…………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………… 
…………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………… 
 
 
 
ขอบพระคุณทีÉสละเวลา เพืÉอตอบแบบสอบถาม 
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Appendix 4.4: An example card of healthy aquatic plants 
Spirogyra sps 
 
 
 
 
 
  
Wolffia globosa 
 
 
Trapa bispinosa 
 
 
 
 
 
 
   
Dryopteris amboinensis 
  
Eleocharis dulcis 
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Appendix 4.5: Population of Bung Khong Long wetland 
District/sub-district/municipality Populations Households 
Bung Kong Long district     
  1. Bung Khong Long  Municipality 7,530 1,781 
 2. Pol  Mak Khang   Municipality 4,618 2,000 
  3. Bung Khong Long Sub-district  6,648 1,369 
  4. Pol Mhak Khang Sub-district 4,168 1,670 
  5. Dong Bang Sub-district  6,964 1,308 
 6. Ta Dok Kam Sub-district 7,913 1,637 
Sub-total 37,841 9,765 
Seka District     
 1. Baan Tong Sub-district 10,528 2,481 
 2. Sok Kham Sub-district 5,877 1,301 
 3. Seka Sub-district 10,159 2,381 
4. Namjan  Sub-district 5,066 1,121 
Sub-total 31,630 7,284 
Total 69,471 17,049 
Source:  Department of Provincial Administration, Ministry of Interior, Thailand,  
2011 
http://stat.bora.dopa.go.th/xstat/popyear.html 
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Appendix 4.6: Sample size 
 The sample size in this study is calculated by Krejcie & Morgan 
(1970)’s formula  as follows: 
 
S   =  F2 NP(1 - P) y [d2(N - 1) + F2 P(1 - P)] 
  S   =   Required sample size 
 F2  =   The table value of chi-square for 1 degree of freedom at the 
desired  
confidence level (3.841) 
 N  = The population size. 
 P  = The population proportion (assumed to be 0.50 since this would  
provide the maximum sample size) 
 d  = The degree of accuracy expressed as a proportion (0.05) 
 Therefore, the sample size is represented in table  a. 
Table a : The sample size 
  Villages/municipality Households Samples Samples/2* 
1 Baan Don Klang village 122 85.56 43 
2 Baan Kam Som Boon village 131 97.87 49 
3 Baan Sok Plo village 122 92.77 46 
4 Baan Sok Pok village 114 88.09 44 
5 Baan Bung Charen village 48 42.77 21 
6 Baan Non Sawan village 74 62.18 31 
7 Baan Non Sawang village 129 96.76 48 
8 Baan Bung Khong Long village 113 87.49 44 
9 Baan Sok Klam village 133 98.98 49 
10 Baan Natakai village 90 73.07 37 
11 Baan Nong Pladuk village 58 50.51 25 
12 Baan Non Yang Kham village  65 55.72 28 
13 Baan Tong village 107 83.86 42 
14 Baan Kok Krasae village 153 109.62 55 
15 Baan Non Suenmon village 85 69.75 35 
16 Baan Don Sawan village  62 53.50 27 
17 Bung Khong  Long municipalities 1,781 316.10 158 
18 Agency staff (person) 13 11.67 6 
  Total 3,399 1,576.60 788.13 
Note:* denotes the total sample size calculated by formula approximately 1,577. Due to time and 
budget limits, the sample size are reduced by a half size, thus the final sample size is roughly 780. 
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Appendix 4. 7:  PLAIN LANGUAGE STATEMENT AND CONSENT 
FORM 
 
  
 
 
 
PLAIN LANGUAGE STATEMENT AND CONSENT FORM 
 
TO:  Participant  
 
Consent Form 
Date: 
Full Project Title: The Ecological Service value of Bung Khong Long wetland for 
optimal use 
Reference Number: 
 
 
I have read and understand the attached Plain Language Statement. 
I freely agree to participate in this project according to the conditions in the Plain 
Language Statement.  
I have been given a copy of the Plain Language Statement and Consent Form to 
keep.  
The researcher has agreed not to reveal my identity and personal details, 
including where information about this project is published, or presented in any 
public form.   
 
 
Participant’s Name (printed) …………………………………………………………………… 
Signature ……………………………………………………… Date  ………………………… 
 
 
Project number BL-EC 7411 
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Appendix 6.1: Studies included in the meta-analysis 
Studies Author(s)  Name of wetlands Method Sample 
size 
Year of 
survey 
Country 
1 Barbier  1994 The Hadejia-Jama OC,Mkt n.a. 1994 Nigeria 
2 Barbier & Strand 1998 Campeche NFI, Pf 380 1990 Mexico 
3 Barbier 2007 Gulf of Thailand Mkt, DC,Pf n.a. 2006 Thailand 
4 Yang et al., 2008 Hangzhou Botanical Garden CVM 296 2005 China 
5 Ndung'u 2009 The Shompole Mkt RC 118 2006 Kenya 
6 Nissapa et al., 2002 Thale Noi OP, Mkt n.a. 2002 Thailand 
7 Sathirathai & Barbier 
2001 
Tha Po  village Pf, Mkt, RC,DC 131 1998 Thailand 
8 Emerton & Kekulandala 
2003 
Muthurajawela Mkt, RC 698 1999.50 Sri Lanka 
9 Gurluk 2010 Uluabat lake CVM 126 2004 Turkey 
10 Carvalho 2007 The upper parana River CVM,TCM 174 1999 Brazil 
11 WWW Lao program 
2004 
Luang Marsh Mkt, RC, DC n.a. 2002 Laos 
12 Emana 2009 Lake TANA Basin Mkt, OC 404 2007 Ethiopia 
13 DO & Bennett 2007 Tram Chim Wetland 
National Park 
CE 300 2006 Vietnam 
14 Verma 2001 Bhoj Mkt,  DC 1500 1999 India 
15 Schuyt 2005 Chilwa Mkt n.a. 1999 Malawi 
16 Emerton et al., 1998 Nakivubo Mkt, RC n.a. 1998 Uganda 
17 Kumar  & Kumar   2002 Koh Kapic Mkt, RC n.a. 1996 Cambodia 
18 Gou et al., 2001 Xingshan country/Yangtze 
river 
Mkt, RC n.a. 2000 China 
19 Gu et al., 2010 Suzhou Tailu Mkt, RC, n.a. 2009 China 
20 Azmi et al., 2009 SEPPSF CVM 279 2009 Malaysia 
21 Hargreaves-Allen 2004 The  Wakatobi Marine 
National  Park 
Mkt,  CVM 80 2004 Indonesia 
22 White et al.,  2000 Olango Island Mkt, 3000 1999 Philippines 
23 Seyname  et al., 2001 Zambezi basin Mkt, OC n.a. 2001 Zambia et 
al 
24 Turpie et al., 1998 Zambezi basin Mkt, Oc, RC n.a. 1998 Zambia et 
al 
25 Eaton &  Sarch 1997 Hadejia-Nguru Mkt, OC 640 1995 Nigeria 
26 Achrya & Babier 1999 Hadejia-Nguru Pf 37 1996 Nigeria 
27 Schuyt 1999 Lake Chilwa Mkt, n.a. 1999 Malawi 
28 Gusstavson 1998 The Montego Bay Marine 
Park 
Pf 378 1998 Jamaica 
29 Gunawardena & Rowan 
2005 
The Rekawa mangrove Mkt RC  DC 
CVM 
600 2005 Sri Lanka 
30 Chen et al., 2009 Beijing RC, Mkt, n.a. 2004 China 
31 Jenkarkit 2004 Nong Bong Kai Mkt 1300 2003 Thailand 
32 Alam 2006 The Buriganga River CVM 400 2001 Bangladesh 
33 Seenprachawong 2001 Phi Phi Island's coral reefs CVM,TCM 850 2000 Thailand 
34 Seenprachawong 2002 Phang Nga Bay CE 300 2002 Thailand 
35 Sathirathai 1998 Tha po  village Pf, Mkt, RC 131 1996 Thailand 
36 Chuenpagdee 1998 Ban Don Bay Damage 
Schedules 
210 1997 Thailand 
37 Edward  2009 National level CVM 481 2008 Jamaica 
38 Cesar et al., 2003 Negril CVM 295 2002 Jamaica 
39 Ruitenbeek & Cartier 
1999 
Montego Bay  (Coral reef 
area) 
CVM 1058 1998 Jamaica 
40 Cesar et al 2000 Portland Bight Mkt, RC, OC n.a. 2000 Jamaica 
41 University of the West 
Indies 2001 
Ocho Rios Mkt ,DC, TCM 258 2000 Jamaica 
42 Hodgso & Dixon  2000 Bacuit Bay Mkt n.a. 1985 Philippines 
43 Splash 2000 Montego Bay Marine park CVM 1058 1998 Jamaica 
44 Tong et al., 2007 Samyang Mkt,RC 758 2002 China 
45 Dehlavi  et al.,  2010 Indus river CE 616 2007 Pakistan 
46 Do & Bennett 2005 Mekong Delta:Camua Mkt n.a. 2001 Vietnam 
47 Nam & Son 2004 The Hon Mun Island TCM 390 2001 Vietnam 
48 Yeo 2003 Pulau Payar  marine park 's 
coral reefs 
CVM 211 1998 Malaysia 
49 Ngazy et al., 2005 Unguja Islands CVM 157 2001 Tanzania 
50 Ahmed et al., 2006 Bolinao's coral reef TCM 92 2000 Philippines 
51 Burke et al., 2008 St. Lucia, Tobago Mkt, DC 300 2005 St. Lucia 
52 Dehghani et al., 2010 Hara national park CVM 415 2006 Iran 
53 Cesar 2003 Red  Sea Coral Reefs TCM 168 2002 Egypt 
54 Christiernsson 2003 Phi Phi Island's coral reefs TCM 100 2002 Thailand 
55 van Beukering et al ., 
2007 
Guam 's Coral Reefs Mkt, RC, CE 500 2005 Guam 
56 Emerton 2003 The Waza Logone DC n.a. 2003 Cameroon 
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Floodplain 
57 Rosales et al., 2003 Sekong Province Mkt, DC n.a. 2003 Laos 
58 Lopez 2003 Ream National Park Mkt, DC, BT 696 2002 Cambodia 
59 Perera et al., 2004 The Kala oya Basin Mkt  2003 Sri Lanka 
60 Tapsuwan 2005 Similan Island Marine park CVM 428 2004 Thailand 
61 Nhuan et al., 2003 Vietnam Estuary Mkt n.a. 2002 Vietnam 
62 Emerton 1997 Seychelles Mkt n.a. 1996 Seychelles 
63 Kasthala et al., 2008 Lake Mtanza Mkt 428 2007 Tanzania 
64 van Beukering et al., 
2008 
Central Kalimatan Peatland CE 378 2007 Indonesia 
65 Birol & Das 2010 Gange River CE 150 2008 India 
66 Othman et al., 2002 Paya Indah CVM 294 2000 Malaysia 
67 Maharana, et al., 2000 Khecheopalri lake CVM,TCM 180 1998 India 
68 Hammitt et al., 2001 Kuantu Wetland CVM 709 1993 Taiwan 
69 Gammage1997 El Tamarindo Mkt n.a. 1992 El Salvador 
70 Bennett & Reynolds 
1993 
Srawak Mangrove Mkt 625 1992 Malaysia 
71 Ruitenbeek 1992 Bituni Bay Mkt, RC, OC 110 1991 Indonesia 
72 Lal 1990 Fiji Mangrove Mkt, Rc n.a. 1990 Fiji 
73 Turpie et al., 1999 Bartose Flood Palin Mkt 2500 2003 Zambia 
74 Yan et al., 2010 Changjiang Estuary CVM 450 2008 China 
75 Yacob et al., 2009 Pulau Payar  marine park,  CVM 215 
 
2007 Malaysia 
76 Yacob et al., 2009 Pulau Redang marine park CVM 215 2007 Malaysia 
77 Adams et al., 2008 Maro diabo state park CVM 626 2006 Brazil 
78 Cruz-Trinidad et 
al.,2011 
Bolinao-And Coral reefs Mkt, RC, CVM 1640 2010 Philippines 
79 Bann 1999 the Mangrove of Benut Mkt, RC, CVM 243 1999 Malaysia 
80 Oumou et al., 2006 Djoudj national park CVM 647 2003 Senegal 
81 Wattage & Mardle 2008 Muth marsh & 
Negombolaggon 
CVM 358 2007 Sri Lanka 
82 Mukherjee 2008 Kalobaur beel Mkt, RC 55 2008 India 
83 Chattopadhyay  1998 East Calcutta Mkt, Tobit 443 1999 India 
84 Benitez 2001 Galapagos National Park Mkt n.a. 1999 Ecuador 
85 Kumar  et al., 2006 Pong Dam Mkt, RC, CVM 140 2002 India 
86 Abdullah 2011 Kokera Wetland Reserve CVM 234 2010 India 
87 Chopra 1998 Keoladeo national park CVM, TCM 305 1997 India 
88 IUCN 2003 Nakivo Swamp RC 886 2003 Uganda 
89 IUCN 2003 Indus Delta MKt n.a. 2002 Pakistan 
90 Khalil 1999 The Karachi Coastal Areas MKt 100 1997 Pakistan 
91 Gan et al., 2011 Yangtze river Mkt, Rc, OC, 
CVM 
172 2010 China 
92 Zheng et al 2008 Lugu Lake  n.a. 2004 China 
93 Hong et al., 2000 Can Gio Mangrove  Bioshere 
reserve 
Mkt, RC, OP 220 1999 Vietnam 
94 Nam, Son & Cesar 2005 Hon Mun Marine NFI, CVM, 
TCM 
530 2005 Vietnam 
95  Tuan et al., 2009 Tam Giang-Chu Hai lagoon Mkt 1189 2006 Vietnam 
96 Do 2007 Tram Chim, Plain of reeds Pf, CE 241 2006 Vietnam  
97 Tapvong & Kruavan 
1999 
The Cho Phraya River CVM 1100 1998 Thailand 
98 Lerdrit  2007 Nong Bong Kai Restricted 
Hunting Area 
CVM 400 2006 Thailand 
99 Sathapanasupakul 2006 Ping River CVM 200 2005 Thailand 
100 Lauchorsriri & Saelim 
2003 
Bang Khuntien Mangrove CVM 761 2002 Thailand 
101 Siammai 2009 Linbong Island Mkt 269 2007 Thailand 
102 Kamlang-EK 2008 Chumporn Mangrove Mkt, RC 200 2007 Thailand 
103 Kampoo & 
Runtawanreungsri 2008 
Krad Mangrove Mkt 645 2006 Thailand 
104 Praneetvatakul 2008 Samuth Songkram Mkt, RC n.a. 2008 Thailand 
105 Sherestha et al., 2007 Koshi Tappu Wildlife 
Reserve 
CVM 160 1994 Nepal 
106 Wapole et al., 2001 Komodo National park CVM 465 1995 Indonesia 
107 Pattanayak and  Kramer 
2001 
Ruteng  Park CVM 500 1996 Indonesia 
108 Subade 2005 Tubbataha CVM 3200 2002 Philippines 
109 Birtol & Das 2010 Ganga River CE 150 2007 India 
110 Wang et al., 2011 Lake Puzhehei CVM 507 2007 China 
111 Chen et al., 2003 Xieamen Island TCM 560 1999 China 
112 Yaping 2003 East lake  CVM, TCM 408 1996 China 
113 Hadker et al., 1997 Borivli Park CVM 496 1995 India 
114 van Buekering et al., 
2003 
Leuser National Park Mkt, DC, BT 150 2001 Indonesia 
115 Amponin  et al., 2007 The Penablana Proted CVM 401 2006  Philippines 
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Landscape and Seacape 
116 Choe et al.,  1996 Gulf of Davao CVM, TCM 780 1992 Philippines 
117 Abilia & Othina 2006 Yala Swamp Mkt 195 2005 Kenya 
118 Hai & Najam 2003 Heleji lake,Sandspit 
mangrove area 
MKt, OC 61 2001 Pakistan 
119 icem 2002 Khao Chamao-Khao Wong TCM n.a. 2000 Thailand 
120 Forever Indus 2010 Keejhar lake Mkt. RC, CE 201 2008 Pakistan 
121 Chong 2005 Stoeng Treng MKt, 36 2004 Cambodia 
122 Ramachandra et al.,  
2005 
Rachenahailli lake Mkt n.a. 2000 India 
123 Christensen 1982 Chantaburi mangrove Mkt n.a. 1981 Thailand 
124 Wang et al.,  2004 Sevan Lake CVM 1221 2000 Armenia 
125 Imandoust  2008 Pavana river CVM 238 2010 India 
126 Imandoust & Gadam 
2007 
Pavana river CVM 305 2005 India 
127 Brouwer et al., 2006 Fluvial Delta CVM 672 2005 Bangladesh 
128 Hang &  An  1999 The Can Gio Mangrove Mkt 125 1997 Vietnam 
129 Bann 1997 Koh Kapik Mkt, RC 90 1997 Cambodia 
130 Ming et al., 2007 Momoge National Nature 
Reserve 
DC 245 2004 China 
131 Das 2007 Orissa Mangrove DC 1095 1999 India 
132 Bhatt & Abdullah Hokera wetland CVM 234 2010 India 
133 Hussain & Badolar 2008 Bhitarnika National Park RC 140 2007 India 
134 Hussain & Badolar 2010 Bhitarnika National Park Mkt 324 2009 India 
135 Badolar& Hussain   
2005 
Bhitarnika National Park DC 35 2003 India 
136 Badolar& Hussain   
2003 
Bhitarnika National Park Mkt, RC, DC 324 2001 India 
137 Sreeraman 2009 Kol Wetland CE 250 2009 India 
138 Selassie & Kountouris  
2010 
Lake Awassa CE 200 2006 Ethiopia 
139 Naylor & Drew 1998 Kosare Islands Mkt, CVM 58 1996 Micronesia 
140 Day & Mourato  1998 Beijing river system CVM 999 1997 China 
141 Maille & Mendelsohn 
1993 
Madagascar TCM 79 1991 Madagascar 
142 Turpie et al., 1999 The Lower Shire Wetlands Mkt, RC, OC 100 1999 Malawi 
143 Tupie 2000 Rafiji flood plain & Delta Mkt 128 2000 Tanzania 
144 Zahabu et al., 2003 Catchment forest reserve Mkt 160 2001 Tanzania 
145 Hepewa et al., 2011 Sigi Catchment Mkt n.a. 2009 Tanzania 
146 Edwards 2009 Jamaica coral reefs CE 200 2008 Jamaica 
147 Viswanathan  2011 Mangrove Gujarat Mkt 227 2010 India 
148 Abou-Ali & Carlsson 
2004 
Nile river CE 750 2002 Egypt 
149 Birol et al., 2009 Bobrek catchment CE 192 2007 Poland 
150 Yan et al., 2010 Chanjiang Estuary CVM 409 2008 China 
151 Hope et al., 2006 Bhoj wetlands CE 640 2006 India 
152 Turpie et al ., 2010 The Western Cape RC 100 2008 South Africa 
153 Celeste 2009 Sibalom natural park CVM 309 2008 Philippines 
154 Janssen & Padillla 1999 The Pagbilao Mkt n.a. 1995 Philippines 
155 Radam & Abu Mansor 
2005 
Manukan Island CVM 160 2003 Malaysia 
156 European Commission 
2008 
The Merguellil river CE 250 2007 Tunisia 
157 Beharry-Brog & Sacrpa 
2010 
Tobago-Trinidad CE 42 2009 Tobago 
158 Meclean et al.,  2003 Bunyonyi Lake Mkt 370 2002 Uganda 
159 Mercer, Kramer Sharma 
1995 
Mantadia National Park TCM, CVM 87 1991 Madagascar 
160 Navrud & Mungatana 
1994 
Lake Nakuru National Park TCM, CVM 185 1991 Kenya 
161 Mathieu et al., 2003 Port Launay Marine Park CVM 289 1998 Seychelles 
162 Mwakubo et al., 2007 Yala Swamp Mkt 308 2005 Kenya 
163 Bann, Camile 1996 The Kinabatang river Mkt n.a. 1995 Malaysia 
164 Dharmaratne et al., 2000 Montego Bay Marine park CVM 231 1998 Jamaica 
165 Shultz et al., 1998 Manuel Antoio Parks CVM 424 1995 Costa Rica 
166 Kramer et al., 1997 Mantadia National Park NFI 100 1995 Madagascar 
167 Spurgeon 2002 Ras Mohammed mangrove NFI, Mkt, 
RC,BT 
n.a. 2002 Egypt 
168 Hegazy et al., 2002 Red Sea CVM 505 2001 Egypt 
169 Beharry-Brog and 
Sacrpa 2011 
Tobago CE 284 2009 Tobago 
170 Ezebilo  et al., 2010 The Cross river national park CVM 150 2008 Nigeria 
171 Zhu et al.,  2011 Yeyahu wetland nature 
reserve 
RC,Mkt, DC, 
TCM, CVM 
900 2007 China 
172 Dehlavi, & Adil  2011 Keenjhar lake TCM 741 2009 Pakistan 
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173 Mmopelwa 2006 Okavango Delta Mkt, RC 500 2003 Botswana 
174 Turpie et al., 2007 Okavango Delta Mkt, RC 430 2005 Botswana 
175 Turpie 2000 Rufiji Floodplain and Delta Mkt, RC 128 2000 Tanzania 
176 Zhou et al.,  2011 Beijing Wetland RC 12 2007 China 
177 Lie et al.,  2010 Nansi Lake Mkt, RC n.a. 2007 China 
178 Ozesni 2003 The Kizilirmak Delta Mkt 143 1998 Turkey 
179 Gurluk & Rehber 2008 Manyas Lake TCM 228 2001 Turkey 
180 Dadaser-Celik et al., 
2009 
The Sultan Marsh Mkt, RC n.a. 2005 Turkey 
181 Amirnezhad  et al., 2010 Miankaleh  wetland CVM 230 2008 Iran 
182 Souza & Silva 2011 Potengi Estuary RC n.a. 2007 Brazil 
183 Kaffashi et al.,  2011 Shade Wetland CVM 500 2009 Iran 
184 Juan et al.,  2010 Gui river Mkt, RC n.a. 2008 China 
185 Akwetaireho & Getzner 
2011 
Mabamba Bay Mkt, CVM, RC 320 2008 Uganda 
186 Gurluk & Rehber 2006 Uluabat  lake CVM  2004 Turkey 
187 Su & Zhang 2007 Jiuduansha Wetlands RC, Mkt, CVM, 
TCM 
1395 2007 China 
188 Zhu et al.,  2010 Wetland in Beijing Mkt, TCM n.a. 2007 China 
189 Tuan et al.,  2009 Giang-cau Hai Lagoon Mkt 1189 2006 Vietnam 
190 Zi 2010 Wetland in Heilongjiang Mkt, DC 63 2006 China 
191 O’Garra  2011 Vanua Maro Roi proted area Mkt, RC,TCM 118 2006 Fiji 
192 Jame et al., 2011 Niger Delta Mkt 227 2008 Nigeria 
193 Ransom & Magi 2010 Mombasa Marine National 
park and Reserve 
CVM 285 2007 Kenya 
194 Zhang 2011 Lake Tai CVM 434 2008 China 
195 Han et al., 2011 Yellow river delta Mkt 40 2009 China 
196 Casey et al., 2006 Amazon river CVM 1479 2001 Brazil 
197 Enyew 2003 Wabi-Sheblee Langano TCM 280 2003 Ethiopia 
198 Shaw et al., 1998 Tamshui river system CVM 978 1995 Taiwan 
199 Achrya & Babier 2002 Hadejia-Jama Pf 130 1999 Nigeria 
200 Pramool 2010 Mae Sa river CE 151 2010 Thailand 
201 North & Griffin 1993 Bicol HP 1903 1978 Philippines 
202 Renwick 2001 KOISP Mkt 157 1999 Sri Lanka 
203 Acharya & Barbier 2000 Hadejia-Nguru Mkt 309 1996 Nigeria 
204 Wright  1995 Negril CVM 240 1994 Jamaica 
205 Ried-Grant & Bhat 2009 Montego Bay Marine park TCM 125 2005 Jamaica 
206 Monarchova & Gudas 
2009 
Nevezis river CVM 512 2008 Lithuania 
207 Han et al., 2008 Hepu Seagrass Bed Mkt,  CVM, RC 421 2005 China 
208 Kosenius &  Ollikainen  
2011 
Eastern Gotland Basin CE 763 2001 Lithuanian 
209 Boominathan et al., 2008 Aghashim Estury Mkt 1202 2007 India 
210 Gupta & Mythili 2008  Powai lake CVM 300 2007 India 
211 Othman et al., 2004 The Matang mangroves CE 571 1999 Malaysia 
212 Nalukenge et al., 2009 Pallisa Pf, Mkt 472 2006 Uganda 
213 Dixon 2001 Cacncun marine park Mkt n.a. 1997 Mexico 
214 Othman &  Rahajeng 
2002 
Pulua Marine Parks CA 280 2001 Malaysia 
215 Zareen &Sumon 2007 Hakaluki Haor Mkt,BT 837 2006 Bangladesh 
216 Whittington et al., 1993 Lake Bosomtwe CVM 1224 1989 Ghana 
217 Adhikari et al., 2010 Maini Hor mangrove Mkt 80 1999 Pakistan 
218 Marikan et al., 2006 Bako National Park CVM 200 2005 Malaysia 
219 Keawapichai 2000 Yaring mangrove TCM, RC, Mkt 364 1999 Thailand 
220 Markowska & Zylicz 
1999 
The Baltic sea CVM 600 1995 Poland 
221 Sceponaviciute et al., 
2007 
Nevezis river CVM 512 2007 Lithuania 
222 Pavilanskas et al., 1998 Curioan spit and Matsalu 
Bay 
CVM, TCM, 
HP 
1683 1997 Lithuania 
223 Bandyopadhyay  et al., 
2005 
Rajarhat new Township 
Projects 
CVM 264 2004 India 
224 Xie 2006 lower Mekong basin Mkt n.a. 2004 Cambodia, 
Laos, 
Thailand 
Vietnam 
225 icem 2004 NEPL watersheds Mkt 3600 2001 Laos 
226 IUCN 2006 Panama Mangrove Mkt, DC 109 2002 Sri Lanka 
227 IUCN 2007 Panama Mangrove Mkt, DC 141 2003 Sri Lanka 
228 IUCN 2003 Puttalam lagoon/Kla oya 
Delta 
Mkt, DC, RC 3960 2002 Sri Lanka 
229 Simonit & Perrings 2011 Lake Victoria DC n.a. 2006 Kenya 
230 Zhou et al., 2011 Shenzhen Pf 360 2004 China 
231 Samonte-Tan et al., 2007 The Bohol Marine Traigle 
(BTM) 
Mkt, RC, BT 233 2004 Philippines 
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232 Tongson & Dygico 2001 The Tabbataha reef national 
park 
CVM 239 1999 Philippines 
233 Arin & Kramer 2002 Anilao,Mactan Islan,Alona 
Beach 
CVM 37 1994 Philippines 
234 Ahlheim et al., 2006 Apid Island CVM 120 2004 Philippines 
235 Lage & Jiddawi 2009 Zanzibar Mkt, BT 1840 2004 Tanzania 
236 UNEP 2011 Gazi Bay Mkt, BT, DC 100 2010 Kenya 
237 Wang et al., 2009 Xinghai Park TCM 357 2007 China 
238 Ringle 2001 Mekong River  Basin Mkt n.a. 1999 Cambodia 
239 Cabrera  et al., 1998 Teminos Lagoon Mkt, DC, CVM 262 1997 Mexico 
240 Munasinghe  1993 Matadia national Park Mkt, OC, CVM, 
TCM 
351 1992 Madagascar 
241 Gammage 1997 Mangrove in El Tamarinedo Mkt 99 1994 El Salvador 
242 Hess & Beharry-Brog 
2012 
Tobago CE 198 2005 Tobago 
243 Kaplowtiz & Hoehn 
1998 
Chemlem lagoon Mkt 31 1996 Mexico 
244 Minten 2003 watersheds in northwest of 
city Maroantsetra 
CVM 120 2001 Madagascar 
245 Anoop et al.,  2008 Astamudi estuary Mkt n.a. 1994 India 
246 Tri et al., 1996 Nam ha Mangrove Mkt, DC n.a. 1994 Vietnam 
247 Gutman 2002 Parima Yapirapeco national 
park 
Mkt, RC, DC n.a. 1995 Venezuela 
248 Sathyapalan &  Iyengar 
2007 
Coastal Gujarat Mkt 976 2004 India 
249 Das & Mukherjee 2009 West Bengal wetland Mkt n.a. 2007 India 
250 Lannas & Turpie 2010 Peri-Urban wetland Mkt 280 2007 South Africa 
251 Mamiit & Wijayaweera 
2006 
Kapuhenwala , Waduruppa, 
mangroves 
Mkt, DC 59 2005 Sri Lanka 
252 Mireri et al., 2008 Tana Delta Mkt, BT n.a. 2007 Kenya 
253 NARO 2010 Lake Nakivali Mkt 96 2010 Uganda 
254 ADB 1999 Mangrove Cambodia Mkt n.a. 1997 Cambodia 
255 Othman 1990 Matang Mangrove Forest Mkt n.a. 1988 Malaysia 
256 van Beukering et al., 
2007 
Bunaken National Park Mkt 296 2006 Indonesia 
257 Katuwal, et al., 2010 Bamati river CE 1200 2009 Nepal 
258 Cooper & Burke  2008 Belize Coral reefs Mkt, DC n.a. 2007 Belize 
259 Ringle & Cai 2006 Mekong River  Basin Mkt n.a. 2004 Cambodia 
260 Yu et al .,2009 Grass land  Beijing Mkt n.a. 2008 China 
261 Puadel  2010 Saru Water shed Mkt 1030 2010 Nepal 
262 Lie et al., 2011 Nansi lake Mkt 9100 2008 China 
 
263 Xiaoyan  et al.,  2010 Honghu Lake Mkt, TCM, RC, 
OC 
n.a. 2002 China 
264 Qain &  Linfei   2012 Lighe River Mkt, CVM, RC n.a. 2009 China 
265 Goldberg  2007 Seira Delas Minas Biosphere 
Reserve 
RC n.a. 2007 Guatemala 
266 Janekarnkij 2010 Krabi river Estuarine Ramsar 
site 
Mkt, BT 175 2003 Thailand 
267 Greenomics 2004 Sebagau peat swamp Mkt n.a. 2004 Indonesia 
268 Aketaireho 2009 Mabamba Bay wetland system of protected Area 320 2008 Uganda 
269 Midora &Anggraeni 
2006 
Batang Gadis National Park Mkt n.a. 2002 Indonesia 
270 Lubis et al.,  2009 Danua Setarum National park Mkt n.a. 2008 Indonesia 
271 Paoli et al., 2001 Gunnun Palung National 
Park 
Mkt 50 2001 Indonesia 
272 Kumrai 1995 Peat swarm forest  Selangor Mkt, RC, OC n.a. 1992 Malaysia 
273 van Beukering et al., 
2009 
Aceh'  mangrove forest Mkt, ,RC, 
OC,BT 
n.a. 2006 Indonesia 
274 Shahwahid  2001 watershed of Makiling forest Mkt, CVM, 
TCM, DC 
n.a. 2000 Samoa 
275 Shahwahid  et al., 1999 Hulu Langat water catchment 
area 
Mkt, RC n.a. 1998 Malaysia 
276 Rusli 2002 MUDA catchment area Mkt, DC n.a. 2001 Malaysia 
277 Ferraro 2001 Ranomafana national park OC 490 1991 Madagascar 
278 Zylics et al., 1995 The Polish Baltic sea CVM 441 1994 Poland 
279 Markowska 2004 Vistula river CVM 952 2003 Poland 
280 Turner 2000 The Baltic sea CVM n.a. 1998 Lithuania 
281 Padilla & Janssen 1996 Pabilao Mangrove Mkt n.a. 1995 Philippines 
282 Vega & Alpizar 2011 Toro Dam CE 214 2005 Costa Rica 
283 Sangkapituk et al.,  2009 Mae Sa watershed CE 522 2008 Thailand 
284 Barton & Bergland 2010 Tunggabhadra sub basin of 
the Kriishna watershed 
CE 432 2008 India 
285 Zheng & Tu 2009 Jinhua river CVM 80 2005 China 
286 Yacob & Shuib 2009 Redang Island Marine park CE 289 2004 Malaysia 
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287 Aghabeygi et al ., 2011 Talechan lake CVM 143 2009 Iran 
288 iied 2006 Mt  Makilling Forest Reserve Mkt 300 2005 Philippines 
289 UNESCO 2000 Can Gio Mangrove Mkt, DC n.a. 2000 Vietnam 
290 Subade & Jugado 2010 North western Panay 
Peninsular 
CVM 1200 2005 Philippines 
291 Alam & Marinova 2010 Buriganaga river Mkt, CVM 400 2001 Bangladesh 
292 Yacob & Shuib 2008 Redang Island Marine park CVM 215 2007 Malaysia 
293 IUCN 2007 site Marine National Park 
and Mpungti Marine Reserve 
Mkt, OC n.a. 2002 Kenya 
294 Zahabu  et al., 2006 Catch forest Reserve 
Management forest 
Mkt, RC,, BT 160 2001 Tanzania 
295 Ramachadra et al.,2011 Varthur wetland MKt 253 2009 India 
296 Wattage 2002 Muthurajawela marsh & 
Negombolaggon 
CVM, 358 2007 Sri Lanka 
297 Kassahun 2009 Upper Blu Nile Basin CVM 210 2008 Ethiopia 
298 Nde 2011 Ngoe Beah in Kribi TCM 242 2010 Cameroon 
299 Levchuck 2003 Sivash wetlands CVM 210 2002 Ukraine 
300 IUCN 2007 Ban Bang Man Mangrove Mkt 230 2006 Thailand 
301 O’Garra  2009 Navalcav Lmma CVM 204 2006 Fiji 
302 Jame et al,. 2008 The Niger Delta CVM, Mkt 351 2008 Nigeria 
303 Sherestha et al.,  2002 Pantanal wetland TCM 586 1994 Brazil 
304 Da Costa 2010 Buccoo Reef CVM 164 2009 Tobago 
305 Amiry et al ., 2009 Kapar Bird  Sanctuary CVM 220 2008 Malaysia 
306 Shahwahid  et al., 1999 Matang Mangrove Forest TCM 149 1999 Malaysia 
307 Israel et al., 2012 Tonle Sap Lake Mkt 1231 2009 Cambodia 
308 GEC 2010 Coral reef  in Gulf of 
Kachehh 
Mkt, BT 574 2006 India 
309 Anoop et al., 2008 Astamudi estuary Mkt, RC,  120 2007 India 
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Appendix 6.2: FEML Meta-Regressions 
Variable 
 
OLS 
Cluster SE 
(1) 
General-to-
Specific 
OLS 
OLS Cluster SE 
ASEAN  
(3) 
OLS Cluster SE 
Low income  
(4)  
     Cluster SE  
(2) 
  
Constant 5.399 7.565*** 7.786 6.430 
(3.302) (0.683) (3.861) (9.60) 
Size (LnArea) -0.169** -0.203*** -0.014 -0.100 
(0.070) (0.065) (0.088) (0.144) 
Riverine -.230  -2.344 -.193 
(0.821)  (1.739) (0.918) 
Marine 1.154* 0.956* .696 -.934 
(0.619) (0.513) (0.947) (1.734) 
Constructed -1.435  -6.487 - 
(0.978)  (2.276)  
Lacustrine -.914  -3.314* - 
(0.978)  (1.738)  
Palustrine -.306  -1.886* -.147 
(0.618)  (1.001)  
Other wetlands -  - - 
    
Disturbance regulation -.686*  1.211*  1.114 
(0.403)  (0.710) (0.950) 
Water regulation  -1.108  -.431 - 
(1.431)  (1.594)  
Water Supply -.767  -.735 - 
(0.506)  (1.310)  
Nutrient cycling -1.480  - - 
(2.181)    
Erosion control .087  -1.210* .626 
(0.423)  (0.719) (0.715) 
Carbon sequestration .574  -1.053 1.145 
(0.491)  (0.795) (1.306) 
Water treatment 1.038*  .210 - 
(0.610)  (0.811)  
Biodiversity-Habitat .208  .821 .011 
(0.318)  (0.502) (0.762) 
Food production .935* .689** -.118 -2.618 
(0.401) (0.310) (0.681) (1.132) 
Raw materials -.189  -.566** -1.119 
(0.223)  (0.279) (1.404) 
Culture -.882  -1.531** - 
(0.602)  (0.712)  
Replacement cost .845* .805*** -1.014 3.760*** 
(0.474) (0.298) (0.676) (0.936) 
CVM -.428 -.871*** -.934 4.635** 
(0.563) (0.209) (0.705) (1.968) 
CE -  - - 
    
TCM .547  .391 .287*** 
(0.557)  (0.677) (1.987) 
Production function -  - - 
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Opportunity Cost .059  - 4.960 
(0.751)   (1.873) 
Hedonic pricing .778  - - 
(1.384)    
Avoided damage cost .421  -2.388** 4.319*** 
(0.563)  (0.812) (0.936) 
Impact factor -  - - 
    
Published -  - - 
      
Year of survey 2000 
-.033 
  
-.449 
 
- 
 
(0.168)  (0.237)  
Protected area -  - - 
    
Ramsar -.334  -2.327 - 
(0.729)  (1.448)  
Urban 4.602*** 4.029*** 5.494*** - 
(1.175) (0.733) (1.264)  
GDP per capita (LnGDP) .200  .069 -.258 
(0.398)  (0.450) (1.415) 
MENA -  - - 
    
South Asia -  - - 
    
Africa -  - - 
    
Latin America -  - - 
    
East Europe -  - - 
    
Number of observations 960 960 463 161 
Number of studies 309 309 137 60 
R2 .224 .178 .016 .063 
Adjusted R2 .330 .188 .319 .218 
F 3.59 13.71 3.62 2.89 
Notes: Figure in the brackets is standard error, *, **, ***, depict significant at the 10%, 5% and 
1% levels, respectively. 
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Appendix 6.3: REML Meta-Regressions 
Variable 
 
OLS 
Cluster SE 
 
General-to-
Specific 
OLS 
OLS Cluster 
SE 
ASEAN  
 
OLS Cluster SE 
Low income  
 
     
(1) 
Cluster SE  
(2) 
 
(3) 
 
(4) 
Constant 2.480 2.393* 1.788 -1.997 
(1.611) (1.204) (2.397) (7.260) 
Size (LnArea) -0.290*** -0.287*** -0.215*** -0.093 
(0.039) (0.036) (0.061) (0.102) 
Riverine 0.149  0.365 0.360 
(0.361)  (0.658) (0.737) 
Marine 1.151*** 1.245*** 0.775 1.569 
(0.330) (0.297) (0.501) (0.956) 
Constructed 0.208  -0.265 - 
(0.658)  (1.338)  
Lacustrine -0.014  -0.581 -0.007 
(0.368)  (0.696) (0.858) 
Palustrine -0.523  -0.725 -0.159 
(0.366)  (0.613) (0.644) 
Other wetlands 0.185  0.626 -0.757 
(0.567)  (0.962) (1.010) 
Disturbance regulation -0.273  -0.045 -0.367 
(0.261)  (0.426) (0.592) 
Water regulation  0.043  -0.325 0.843 
(0.420)  (0.685) (0.920) 
Water Supply -0.275  -0.466 -1.003 
(0.298)  (0.626) (0.721) 
Nutrient cycling 0.287  0.747 0.389 
(0.667)  (1.239) (1.794) 
Erosion control -0.097  -0.874* -0.262 
(0.297)  (0.495) (0.571) 
Carbon sequestration 0.345  0.541 0.308 
(0.337)  (0.541) (0.798) 
Water treatment 0.553* 0.656** 0.481 -1.53 
(0.292) (0.263) (0.514) (1.055) 
Biodiversity-Habitat 0.536** 0.634*** 0.543 0.379 
(0.214) (0.189) (0.368) (0.486) 
Food production 0.652*** 0.619*** 0.709** 0.442 
(0.234) (0.204) (0.414) (0.589) 
Raw materials -0.113  -0.492** 0.624 
(0.184)  (0.246) (0.660) 
Culture 0.088  0.231 -0.860 
(0.384)  (0.521) (1.219) 
Replacement cost 0.842*** 0.663*** 0.890 2.340*** 
(0.268) (0.235) (0.412) (0.797) 
CVM -0.676*** -0.681*** -0.960 -0.299 
(0.256) (0.238) (0.399) (0.672) 
CE -1.023** -1.065** -0.666 -2.171 
(0.471) (0.443) (0.877) (1.781) 
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TCM 0.548** 0.578** 0.373 0.505 
(0.271) (0.257) (0.407) (0.714) 
      
Production function 0.024  0.473 -0.372 
(0.527)  (0.949) (1.703) 
Opportunity Cost 0.425  1.397 -0.110 
(0.436)  (0.985) (0.740) 
Hedonic pricing -0.954  -2.336 - 
(0.930)  (1.743)  
Avoided damage cost 0.387  0.072 3.189*** 
(0.338)  (0.534) (0.843) 
Impact factor -0.268** -0.243** -0.154 -0.266 
(0.131) (0.096) (0.252) (0.411) 
Published 0.129  0.184 -0.299 
(0.314)  (0.520) (0.951) 
Year of survey 2000 -0.055** -0.053** -0.067* -0.110 
(0.024) (0.022) 0.038 (0.080) 
Protected area 1.270*** 1.339*** 0.802 0.909 
(0.396) (0.377) (0.625) (1.269) 
Ramsar -0.551** -0.609** -0.890 -0.301 
(0.287) (0.258) (0.633) (0.863) 
Urban 2.465*** 2.438*** 3.799*** 1.910 
(0.425) (0.389) (0.649) (1.427) 
 
 
GDP per capita 
(LnGDP) 
 
 
0.719*** 
 
 
0.732*** 
 
 
0.746*** 
 
 
0.778 
(0.180) (0.138) (0.266) (0.978) 
MENA 0.103  - - 
(0.579)    
South Asia -0.081  - 4.004** 
(0.365)   (1.601) 
Africa 0.239  - 2.476 
(0.390)   (1.118) 
Latin America 0.393  - - 
(0.437)    
East Europe 2.362*** 2.277*** - - 
(0.690) (0.663)   
Number of observations 960 960 463 161 
Number of studies 309 309 137 60 
R2 .413 .408 .284 .428 
Adjusted R2 - - - - 
F - - - - 
Notes: Figure in the brackets are standard error, *,**, ***, depict significant at the 10%,5% and 
1% levels, respectively. 
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Appendix 7.1: MRA benefit transfer values of wetlands in Laos, Cambodia, 
and Vietnam Unit: US$/ha 
Wetland name Countries Original 
value 
 
OLS 
Robust SE 
OLS 
SE 
 
Specific 
OLS SE 
 robust 
regression 
WLS SE 
 
Specific 
WLS SE 
Luang Marsh Laos 2,560 1872 1182 2194 2450 98 71 
Sekong Province Laos 2,618 269 167 366 428 27 30 
Lower Mekong Laos 9 22 24 46 40 10 12 
Koh Kapic Cambodia 147 212 240 487 332 175 179 
Ream National Park Cambodia 519 505 258 530 596 58 229 
Stoeng Treng  Cambodia 3 106 67 108 141 12 11 
Tonle Sap Lake Cambodia 130 226 140 278 327 24.64 98.79 
Tram Chim, Plain of 
reeds 
Vietnam 404 322 106 235 476 29 202 
The Hon Mun 
Island 
Vietnam 281 1226 1265 681 809 344 323 
Tiene Estuary Vietnam 2,961 224 152 310 351 37 179 
Tra Vinh province Vietnam 2,501 130 81 189 199 16 85 
Tein Yen District Vietnam 3,720 248 154 314 356 42 182 
Tam Giang-Cau Hai 
lagoon 
Vietnam 2,034 342 212 439 476 57 267 
Thi Nai  Vietnam 998 388 241 500 532 67 310 
Kim Son Tidat flat Vietnam 786 576 358 755 760 11 496 
Bala Lam Vietnam 2,069 2,067 1,283 2,950 3,287 651 52,424 
Ca Mau tidal flat Vietnam 3,930 240 149 304 346 36 175 
Beach Dang Estuary Vietnam 467 230 143 291 332 34 167 
Van UC Estuary Vietnam 705 550 342 720 730 105 471 
Can Gio district Vietnam 3,627 181 112 227 268 75 126 
Tam Giang-Chu Hai 
lagoon 
Vietnam 79 214 133 271 209 35 190 
Can Gio Mangrove   Vietnam 214 296 284 377 297 44 202 
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Appendix 7.1 (Continued) 
 
MRA benefit transfer values of wetlands in Laos, Cambodia, and Vietnam Unit, Sub-
Samples: US$/ha 
Wetland name Countries Original 
value 
 
OLSSE ASEN 
 
OLSSE Low income 
 
WLSSE 
ASEAN 
WLSSE Low 
income 
Luang Marsh 
 
Laos 
 
2,560 
 
4,009 250 9,731 4,015 
Sekong Province 
 
Laos 
 
2,618 
 
15 234 4 8.16 
Lower Mekong 
 
Laos 
 
9 
 
6 305 0.17 192 
Koh Kapic Cambodia 
 
147 
 
116 255 67 192 
Ream National Park Cambodia 
 
519 
 
103 240 53 192 
Stoeng Treng  
 
Cambodia 
 
3 
 
12 30 0.21 55.48 
Tonle Sap Lake 
 
Cambodia 
 
130 
 
59 166 0.21 192 
Tram Chim, Plain of 
reeds 
 
Vietnam 
 
404 
 
52 305 0.48 192 
The Hon Mun Island 
 
Vietnam 
 
281 
 
34 149 1.52 462 
Tiene Estuary 
 
Vietnam 
 
2,961 
 
50 113 0.47 192 
Tra Vinh province 
 
Vietnam 
 
2,501 
 
22 73 0.05 192 
Tein Yen District 
 
Vietnam 
 
3,720 
 
330 51 0.16 192 
Tam Giang-Cau Hai 
lagoon 
Vietnam 
 
2,034 
 
78 143 0.31 192 
Thi Nai  
 
Vietnam 
 
998 
 
97 156 0.39 5,727 
Kim Son Tidat flat 
 
Vietnam 
 
786 
 
153 206 0.85 192 
Bala Lam 
 
Vietnam 
 
2,069 
 
318 333 0 192 
Ca Mau tidal flat 
 
Vietnam 
 
3,930 
 
49 112 0.15 192 
Beach Dang Estuary 
 
Vietnam 
 
467 
 
47 109 0.14 192 
Van UC Estuary 
 
Vietnam 
 
705 
 
144 1,999 0.78 192 
Can Gio district 
 
Vietnam 
 
3,627 
 
34 92 0.05 192 
Tam Giang-Chu Hai 
lagoon 
Vietnam 
 
79 
 
41 54 0.33 192 
Can Gio Mangrove   
 
Vietnam 
 
214 
 
10 146 14 192 
